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MDE  COMMENTS 


REPLY 


(6)  Continued 


(6)  Continued 

Any  soil  boring  that  is  close  to  a 
proposed  well  location  will  be 
consolidated  with  the  well  drilling 
program  to  minimize  generation  of 
Investigation  Derived  Waste  (IDW). 

The  number  of  proposed  boring 
locations  is  the  minimum  necessary  to 
locate  any  possible  areas  of  soil 
contamination.  If  significant  soil 
contamination  is  located,  additional  soil 
borings  will  be  needed  to  define  the 
extent  of  such  contamination  so  that 
appropriate  remedial  measures  can  be 
designed. 


(7) 


Page  2*34.  The  text  refers  to  Olthiane  as  a  'degradation 
product  of  Mustard*  this  implies  to  the  reader  that  Oithiane  is 
a  natural  breakdown  product  of  Mustard.  However,  on 
previous  occasions  Army  chemists  have  indicated  that  the 
oresence  of  Oithiane  in  groundwater  is  the  result  of  the 
fiydrolysis  of  chemicals  derived  from  the  incomplete  thermal 
degradation  of  Mustard.  If  this  is  true,  perhaps  the  Rl  should 
be  looking  for  the  source  of  Oithiane,  a  yet  undiscovered 
burning  operation  which  may  have  destroyed  CSM  or  CSM 
contaminated  material. 


(7) 

You  are  correct  in  your  understanding  that 

1.4- dithian6  is  a  degradation  product  that 
may  result  from  the  thermal  destruction  of 
distilled  mustard.  However,  1,4-dithiane 
also  Is  a  result  of  other  processes.  It  is  a 
degradation  product  that  Is  produced  in  the 
manufacturing  of  distilled  mustard  and. 
therefore  may  be  found  In  areas  where  the 
agent  was  either  produced  or  burned. 

There  is  also  a  large  body  of  evidence 
suggesting  that  1,4*dithlane  is  a 
degradation  product  resulting  from  natural 
processes.  For  example,  recent  studies 
conducted  on  the  clothing  of  Iranian 
soldiers  (gassed  casualties  of  the  Iraqi  war) 
showed  the  presence  of  1,4-dithiane  in  the 
soil  adhering  to  their  clothing.  The  Rl  is 
designed  to  determine  the  source  of  the 

1.4- dithtane  whether  it  be  from  the 
manufacture,  natural  degradation,  or 
thermal  degradation  of  distilled  mustard. 
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MDE  COMMENTS 


REPLY 


Page  2-57,  Bullet  "Federal  Safe  Drinking  Water  Act . . 

The  document  makes  the  statement  that  . .  The 
contaminated  aquifer  is  brackish  and  is  not  used  as  a 
drinking  water  source:  therefore  the  SDWA  (Safe  Drinking 
Water  Act)  MCLS  are  probably  not  applicable  or  relevant  and 
appropriate."  This  infers  that  the  authors  are  classifying  this 
groundwater  as  Class  ill  according  to  the  classification 
system  for  groundwater  promulgated  by  the  US  EPA. 
However,  the  EPA's  definition  of  Class  III  groundwater  is 
very  specific:  ‘Groundwater  not  consider  a  potential  source 
of  drinking  water  and  of  limited  beneficial  use  (Class  IliA  and 
Class  IIIB)  is  saline,  i.e.,  it  has  a  total  dissolved  solids  levels 
over  10,000  milligrams  per  liter  (mg/I) . . Based  on  the 
information  presented  in  the  report  on  page  2-20  that "... 
groundwater  at  Beach  Point  contains  1000  to  3000  mg/I  total 
dissolved  solids  (TDS) . . how  is  the  presumption  that  the 
groundwater  in  question  is  Class  III  in  nature  supportable? 


Page  2-58.  Bullet  "Maryland  Drinking  Water  Law. .  .* 

Refer  to  comment  above. 


Page  2*81 .  In  addition  to  the  Maryland  ARARs  mentioned, 
the  following  should  also  be  considered: 


"Chesapeake  Bay  Critical  Area  Commission  Criteria  For 
Local  Critical  Area  Program  Development,"  COMAR 
14.15.01,  .02,  .04,  .07.  .09.  .10.  &  .11. 

"Threatened  and  Endangered  Species."  COMAR  08.03.08. 
"Water  Appropriation  or  Use,"  COMAR  08.05.02 


In  addition  to  the  Maryland  ARARs  mentioned,  the  following 
should  also  be  considered: 


Concurrence  by  MDE,  EPA,  and  APG- 
DSHE  to  classify  groundwater  in  the 
surficiai  aquifer  at  Beach  Point  as  Class  II- 
B  suggests  the  statement  that  the  "SDWA 
MCLs  are  probably  neither  applicable  nor 
relevant  and  appropriate"  may  stand  as 
written. 


Please  refer  to  response  14. 


The  pr^ential  ARARs  listed  v^tl  be  added 
and  considered  in  the  Feasibility  ^udy. 


Potential  ARARs 


"Well  Construction."  COMAR  26.04.04 
"Solid  Waste  Management,"  COMAR  26.04A}7 
"Board  of  Well  Drillers,"  COMAR  26.05.01 
"Erosion  and  Sediment  C^trol,"  COMAR  26.09.01 
"Stomi  Water  Management,"  COMAR  26.09.02 
"Oil  Pollution."  COMMAR  26.10.01 
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MDE  COMMENTS 

REPLY 

(3) 

(3) 

Page  2-8,  Baseline  Risk  Assessment.  It  should  be  noted 
that  the  subject  document  was  a  draft  document  which  was 
never  finali2ed  following  regulatory  comments. 

It  is  noted  that  the  Baseline  Risk 

Assessment  is  a  draft  document.  In  light  of 
the  fact  that  this  document  has  not  been 
finalized,  limited  reference  to  information  in 
the  draft  copy  may  be  appropriate. 

(4) 

(4) 

“Field  parameter. . One  of  the  most  critical  parameters 
which  should  be  evaluated  before  a  sample  is  collected  is 
visual  clarity  or  turbidity.  Current  guidance  indicates  that 
leadings  of  less  than  10  NU  is  acceptable  for  groundwater 
samples. 

The  FSP  has  been  modified  to  include  the 
EPA-recommended  procedures  for  well 
purging  and  field  parameter 
measurements.  It  is  understood  that  this  is 
the  accepted  procedure  tor  groundwater 
sampling  at  APG-EA. 

(5) 

(5) 

"Well  Purging"  Surging  of  the  well  Is  an  appropriate 
orocedure  durina  well  devetosment.  However,  durino  well 
purging  prior  to  sampling  it  is  not  a  good  practice.  For 
typical  purging  of  a  well,  the  pumping  operation  should  begin 
^ith  the  pump  In  the  upper  part  of  the  water  column. 

Purging  should  continue  by  gradually  lowering  the  pump  into 
the  ell  as  water  is  removed  f.  m  the  well.  This  wiil  remove 
the  stagruint  water  from  the  well  first  and  result  in  minimal 
mixing.  This  method  Is  discussed  in  the  WES  Generic  Work 
Plan  tor  the  Edgewood  Area.  Modification  ot  this  procedure 
may  be  in  the  development  stage  so  the  contractor  should 
consult  with  WES  concerning  currently  aperoved  procedures. 

The  FSP  has  been  modified  to  include  the 
EPA-recommended  procedures  for  welt 
purging  and  field  parameter 
measurements.  It  is  understood  that  this  is 
the  accepted  procedure  tor  groundwater 
sampling  at  APG-EA, 

- 

(«) 

m 

Page  3*16.  The  parameters  that  are  monitored  also  include 
oxidation  reduction  potential  (Eh),  specific  conductance  (SC), 
dissolved  oxygen  (DO)  and  turbidity.  Refer  to  WES  SOPs 
tor  monitoring  requirements. 

The  FSP  has  been  modified  to  include  the 
EPA-recommended  procedures  for  well 
purging  and  field  parameter 
measurements.  It  is  understood  that  this  is 
the  accepted  procedure  for  groundwater 
sampling  at  APG-EA. 

Focused  FeetIbUlty  Study  Orett  Guetity  Assufence  Program  Piao  i 

Oeoeral  Comment  j 

A  brief  review  of  the  subject  document  finds  that  it  is  a  unique  document,  which  is  inconsistent  with 
concurrent  and  retaied  work  at  Edgewood.  As  an  enami^  the  subject  document  proposes  to  use  analytical 
methods  which  are  inconsistent  with  the  ICF  Risk  Asse^ment  QAPP,  yet  one  of  the  main  thmsts  ot  the 
proposed  ('FS  is  to  determine  the  risk  posed  by  the  soil  and  groundwater  at  the  Beach  Point  site.  Also,  in 
tight  of  c»mnr6nts  made  above,  it  appears  that  the  WES  Generic  Work  Plan  was  not  consulted  in  the 
preparation  of  this  document.  In  light  of  this,  the  sr4}ject  document  will  not  be  reviewed  at  this  time. 
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1  EPA  COMMENTS 

REPLY 

II  Draft  Project  Work  Plan 

(1) 

The  objectives  of  the  work  plan  seem  to  be 
inconsistent  with  the  proposed  implementation 
of  the  work  and  the  FFS  in  the  document. 

It  is  stated  on  pages  1-2  and  1-3  that  the  results 
of  seismic  sun/eys  and  sampling  of  sediments, 
groundwater,  soil  borings  and  assays  will  be 
supplied  to  tCF  for  developntent  of  risk 
assessment  of  the  Beach  Point  site,  based  on 
ecological  preliminary  remediation  goats.  This 
objective  is  consistent  with  the  introduction  on 
page  1-1  where  it  is  stated  that  contaminants 
from  the  site  may  be  impacting  water  quality 
and  aquatic  life  in  nearby  Kings  Creek  and  near¬ 
shore  areas  of  the  Bush  River.  Additionally  it  is 
noted  here  that  the  study  will  only  deal  with  the 
sutficial  aquifer  at  Beach  Point  which  is 

1  brackish. 

1  Therefore,  it  would  seem  that  the  investigation  is 

1  focused  on  the  ecologic  impacts  on  the  surface 

1  water  bodies  and  not  on  groundwater  as  an 

1  actual  or  pcHential  potable  water  source  (it  has 

I  Class  HI  characteristics).  Based  on  the 
statement  on  page  2-42.  ^because  VOCs 

1  typically  persist  in  surface  water  tor  onty  a  short 
time  period  because  of  volatilization,  they  are 
kkely  to  be  present  ortly  tn  the  immediate  vicinity 
of  source  Break  (e  g.,  groundwater  plumes)*,  tt 
would  Drat  the  interest  in  groundwater 

would  be  if  it  were  discharging  into  the  surface 
water  bodies  at  levrMs  exceeding  those  in  Table 
2-7  (which  should  be  checked  as  they  are  not  in 
agteemei4  with  those  used  by  EPA), 

(1) 

Page  1-4  refers  generally  to  a  risk  assessment 
without  further  qualifying  it,  while  page  3-3 
qualifies  it  saying  *it . . .  will  be  conducted  to 
assess  the  influence  of  past  site  activities  on 
living  biota  in  the  area  of  Beach  Point  and  to 
qualitatively  determine  human  health  risk  from 
limited  pathways*.  Page  1-3  refers  generally  to 
a  risk  assessment  and  further  states  that  it  will 
be  based  on  ecological  preliminary  remediation 
goals  (PRGs)  and  page  3-1  refers  to  an 
ecological  risk  assessment. 

The  ICF  Risk  Assessment  Plan  which  is 

Apperxilx  D  of  this  document  describes  the 
proposed  risk  assessment.  As  stated  in  the 
plan  it  will  *. . .  focus  on  potential  impacts  in 
aquatic  life  inhabiting  nearby  areas  in  Kings 

Creek  and  the  Bush  River,  because  aquatic 
species  are  the  receptors  potentially  at  greatest 
risk  from  exposure  to  ehemicats  relos^  from 
groundwater.  Potential  human  heat'*h  risks  | 

associated  with  exposures  to  chemicals  1 

released  to  surface  water  from  groundwater  will 
be  evaluated  qualitativeiy.*  It  goes  on  to  state 
that  *. . .  based  on  groundwater  and  surface 
water  sampling  data  cotiecied  to  dale,  such 
(human)  exposures  are  m  likely  to  be  large, 
given  the  reiativety  tow  concentrations  of  most 
voiafite  organic  chemicais  and  the  distance  to 
potenti8lflMk>tor points*.  (See Section 42 of 
the  plan  for  greater  detail). 

Therefore  the  major  thrust  of  the  risk 
assessment  is  the  eculogicai  assessment.  To 
avoid  contusion,  the  word  primarily  will  be 
added  before  e«>iogical  on  page  1-3  and  the 
word  ecological  win  be  removed  from  page  3-t. 
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(3)  (3) 


Table  2-8.  The  analytes  should  include  CSM  Table  2-8/p.»'je  3-8.  The  anai/tes  co  include 
degradation  products.  Additionally,  the  purging  CSM  degradation  products  as  noted  under  the 
stabilization  parameters  should  be  consistent  DQ  for  chemical  data.  (See  uiscussion  under 
with  those  used  in  the  SOPs  relevant  to  other  the  columns  for  Hydrogeologic  Investigation, 

portions  of  APG.  The  timing  of  water  elevation  Sediment  Investigation,  Surface  Soil  and  Soil 

measurements  and  groundwater  sampling  Boring  Investigation  and  Bioiogical/Ecological 

events  should  be  dependent  on  any  tidal  cycle  Investigation.  Additional  details  can  be  found  in 
influences.  Section  3.2.14  of  this  plan  and  Section  4.4  of 

the  Draft  Field  Sampling  Plan.  Section  3.2.14 
details  the  specific  degradation  products  which 
will  be  grouped.  1 ,4  Dithiane  has  been  added. 
Chlorides  and  fluorides  are  on  the  list  of 
analytes  for  groundwater  parameters.  As  for 
the  timing  of  measurements  and  sampling,  a 
24-hour  groundwater  flow  metering  of  well  33-B 
and  B.1  will  help  determine  the  nature  of  any 
tidal  influences.  Periods  of  lesser  duration  will 
be  flowmetered  in  the  shallow  wells.  WES 
SOPs  will  be  used. 

(4)  (4) 

Page  3-3.  It  is  stated  here  that  it  is  critical  to  The  clay  aquitard  underlying  the  surficlal  aquifer 
understand  the  physical  geomorphology  of  the  is  appQXimately  88  feet  thick  which  could 

surficlal  aquifer  because  the  ONAPLs  will  rest  minimize  DNAPL  gravitational  movenwnt. 

upon  an  Impermeable  stratum  such  as  bedrock  There  is  no  current  evidence  that  sufficient  head 
or  clay.  This  is  not  strictly  Nuo;  ONAPLs  wilt  exists  to  exceed  pore  entry  pressure  Into  the 

actually  move  until  reaching  a  rr>iativety  less  aquitard.  The  aquifer  underlying  the  aquitard 

permeable  layer  and  until  sufficient  head  exhibits  positive  head  in  relation  to  the  overlying 

exceeds  the  pore  entry  pressure  in  the  material  strata.  The  clay  aquitard  appears  to  be 

breakthrough  will  not  occur.  Therefore,  it  is  regionally  significant  and  appears  to  be  the 

Important  to  note  that  the  layer  limiting  DNAPL  most  significant  hydrologic  border, 
movement  may  not  actually  be  the  hydrologic 

confining  clay  unit. _ 

(5)  (5) 

Page  3-8.  Groundwater  analysis  should  include  See  response  to  comment  Table  2-8. 

1.4  dithiane,  fluorides  and  chlorides. 
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EPA  COMMENTS 

REPLY 

(6) 

(6) 

Page  3-9.  Criteria  should  be  included  in  the  soil 
boring  section  for  drilling  to  cease  if  DNAPLs 
are  encountered  in  the  subsurface. 

In  the  soil  boring  section,  the  following  criteria 
will  be  added: 

A  sample  will  be  taken  just  above  the  water 
table,  except  if  a  photionization  device  detects  a 
hit  (hot  spot)  at  a  point  before  the  top  of  the 
water  table.  In  this  case,  the  sample  will  be 
taken  for  analysis  and  the  boring  will  be 
properly  abandoned  at  that  point. 

(7) 

(7) 

Page  3-11.  The  timing  of  groundwater  flow 
measurements  should  be  based  on  tidal  cycle 
influences  derived  from  the  24  hour  flow  meter 
testing. 

Refer  to  response  to  Table  2-8. 

(8) 

(8) 

Page  3-14.  It  Is  stated  In  Section  3.2.3.2.  that  a 
limited  action  alternative  will  include  monitoring 
of  groundwuter  to  assure  that  further 
environmental  degradation  has  not  occurred.  It 
should  be  noted  that  monitoring  groundwater 
does  not  assure  that  further  degradation  of  the 
environment  does  not  occur;  only  an  action, 
natural  or  manmade,  acting  upon  the 
contamination  can  assure  this. 

Page  3-14.  "To  assure  that  further 
environmental  degradation  has  not  occurred" 
will  be  stricken. 

(») 

(9) 

Ptige  3-30.  References  regarding  the  first 
paragraph  should  be  provided  or  the  paragraph 
should  be  omitted.  The  statements  appear  to 
be  a  personal  opinion  of  the  author. 

Page  3-20  paragraph  will  be  deleted. 

(10) 

(10) 

Appendix  C.  The  proposed  flowmeter  logging 
program  is  missing  pages. 

Appendix  C.  There  are  no  missing  pages.  This 
description  was  taken  out  of  a  letter  contract 
with  contains  other  information  not  relevant  to 
the  specific  technical  aspecis  of  the  flowmeter 
study. 
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REPLY 

Draft  Field  Sampling  Plan 

(1) 

(1) 

This  docurr  ant  does  not  reflect  the  SOPs  used 
sitewide  at  APG  and  should  be  modified  to  do 

Li^: 

The  Draft  Final  Beach  Point  Field  Sampling 

Plan  reflects  WES  SOPs. 

Draft  Health  and  Safety  Plan 

(1) 

(1) 

Insofar  as  this  plan  addresses  groundwater 
sampling  (Section  2.1.1),  it  should  be  modified 
to  reflect  the  APG  SOPs. 

This  plan  will  follow  WES  SOPs. 

FU£XOMMENri.EI>A/(HEKr>.-) 


Beach  Point  Test  Site,  APG-EA,  Maryland 

Focused  Feasibility  Study 
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EXECUTIVE  SUMMARY 

Jacobs  Engineering  Group,  Inc.  (JEG)  has  been  contracted  by  Environmental  Management 
Operations  (EMO)'  to  develop  a  Focused  Feasibility  Study  (FFS)  for  Beach  Point  in  the 
Edgewood  Area  of  Aberdeen  Proving  Ground  (APG-EA).'  This  task  has  been  performed  under 
the  provisions  of  Master  Agreement  071914-A-D7,  Task  Order  142133,  Supplemental  Number  8 
and  under  the  purview  of  the  U.S.  Army,  EPA  Region  III.  and  the  Maryland  Department  of 
Environment. 

Beach  Point  is  a  peninsula  located  immediately  adjacent  to  the  mouth  of  Kings  Creek,  a  major 
tributary  to  the  Bush  River  that  drains  the  majority  of  chemical  storage  and  research  and 
development  areas  at  APG.  As  the  former  location  of  propellant,  smoke  and  polytechnic  testing 
activities,  as  well  as  chemical-protective  clothing-impregnating  operations,  the  site  is  known  or 
suspected  to  be  contaminated  with  various  Industrial  solvents  and  military-related  compounds. 
Contaminants  at  the  site  may  be  impacting  water  quality  and  aquatic  life  in  nearby  Kings  Creek 
and  near-shore  areas  of  Bush  River.  It  should  be  noted  that  this  study  will  deal  with  the  surficial 
aquifer  at  Beach  Point,  which  Is  a  brackish  aquifer.  The  deeper  aquifers  will  be  addressed  in 
the  Canal  Creek  Retnedial  Investigation  Feasibility  Study  (RI/FS). 

This  work  plan  develops  a  framework  for  a  phased  environmental  Investigation  at  Beach  Point 
that  will  utilize  a  risk-based  approach.  The  overall  goals  of  the  investigation  will  be:  (1)  to 
determine  the  nature  and  distribution  of  contamination  at  the  site  (and  to  differentiate  between 
site-related  contamination  and  naturally-occurring  background  levels  or  contributions  from  other 
sources);  (2)  to  evaluate  whether  human  or  environmental  Impact  are  potentially  or  actually 
occurring  as  a  result  of  site-related  contaminations;  and  (3)  to  determine  whether  remedial 
actions  are  necessary  to  mitigate  these  effects.  The  major  objectives  of  the  work  plan  in 
achieving  these  overall  goals  are  to: 


'EMO  is  operated  lor  the  U.S.  Department  of  Energy  by  Battelle  Memorial  Institute. 


Jacobs  £ngk)seilng  Qmup  Inc. 
WasNnglon  OpsnOons 
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Beach  Point  Test  Site,  APG-EA,  Maryiand 

Focused  Feasibility  Study 


•  Provide  a  complete  background  characterization  of  Beach  Point  Test  Site, 
including  physical  characteristics  and  environmental  setting;  operations  and 
disposal  history;  summary  of  previous  investigations;  and  contamination 
assessment; 

•  Perform  a  preliminary  contamination  assessment  related  to  groundwater,  surface 
water  and  other  types  of  contamination  detected  at  Beach  Point  through  previous 
studies,  focusing  on  identifying  contaminants,  exposure  pathways,  and  human  and 
environmental  receptors  of  potential  concern. 

•  Develop  an  environmental  sampling  program,  including  specific  biological  tests  as 
well  as  groundwater,  soil,  and  sediment  sampling,  to  address  data  gaps  and 
provide  the  basis  for  conducting  a  detailed  risk  assessment  and  feasibility  study. 


At  the  direction  of  the  APG-Department  of  Safety,  Health  and  Environment,  the  project  has  been 
separated  into  three  work  phases  to  allow  for  data  evaluation  and  risk  analysis  within  Phase  I  to 
determine  the  need  for  further  study  and  development  of  remedial  alternatives.  Phase  I  of  the 
project  consists  of  an  aerial  photography  investigation,  surface/marine  geophysical  surveys,  a 
flowmeter  logging  program,  sampling  of  surface  and  subsurface  soils,  and  analysis  of  chemical 
groundwater  data,  generated  through  a  separate  Canal  Creek  Groundwater  Monitoring  Program. 

Tasks  described  for  Phase  II  of  the  FFS  will  be  performed  upon  evaluation  of  data  needs, 
subsequent  to  completion  of  the  Phase  t  tasks.  Phase  II  Investigations  include  installation  of 
additional  groundwater  monitoring  wells,  sampling  of  the  new  and  previously  existing  monitoring 
wells,  a  flowmeter  logging  program,  downhole  geophysics  of  new  monitoring  wells  (and  one 
previously  existing  well)  using  a  gamma  ray  survey  and  possible  soil  gas  surveys. 

Phase  III  tasks,  which  Include  the  evaluation  of  remedial  alternatives,  may  be  performed  after 
Phase  II  and  at  any  point,  thereafter,  if  it  is  determined  that  contamination  found  in  the  Beach 
Point  Test  Site  warrants  treatment. 


The  tasks  performed  by  JEQ  will  run  concurrently  and  in  cooperation  with  other  studies  being 
performed  by  a  variety  of  other  consultants.  These  include;  a  risk  assessment  (ICF  Kaiser 
Engineers),  biomonitoring  (University  of  Maryland  Agricultural  Experiment  Station),  and 
geophysical  surveys  (Argonne  National  Labs).  The  results  of  these  efforts  will  be  included  in  the 
FFS. 
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In  addition  to  a  work  plan  which  inciudes  a  technicai  approach  to  conducting  the  Focused 
Feasibility  Study,  companion  documents  include  the  Field  Sampling  Plan,  the  Quality  Assurance 
Project  Plan,  and  the  Health  and  Safety  Plan.  These  plans  were  developed  from  applicable 
information  contained  in  plans  prepared  for  similar  work  at  APQ  and  other  military  installations 
and  modified  for  site  specific  considerations.  Procedures  detailed  in  each  of  these  documents 
will  be  used  while  performing  the  activities  outlined  for  the  FFS  at  Beach  Point. 

The  Field  Sampling  Plan  describes  the  technical  approach  that  will  be  used  to  conduct  field  work 
for  the  project. 

The  Quality  Assurance  Project  Plan  delineates  the  purpose,  policies.  Standard  Operating 
Procedures,  and  organization  of  the  Quality  Assurance  Program  that  will  be  used  to  establish 
the  integrity  of  APG-EA  project  activities. 

The  Health  and  Safety  Plan  delineates  policies  and  procedures  that  will  be  used  to  ensure 
worker  health  and  safety  throughout  project  activities  at  Beach  Point. 

The  background  Information  presented  in  this  work  plan  was  gathered  primarily  from 
unpublished  data,  from  previous  investigations  performed  at  Beach  Point  by  the  U.S.  Geological 
Survey  (USGS)  Water  Resources  Division,  and  from  the  Edgewood  Area  RCRA  Facility 
Assessment  and  other  studies  conducted  by  the  U.S.  Army  Environmental  Health  Agency 
(USAEHA).  The  guiding  document  in  this  work  plan  Is  the  unpublished  USGS  Canal  Creek 
Hydrogeologic  Assessment  (HGA)  dated  April  1992  (Final  Draft).  This  work  plan  Is  based  on 
US  EPA  RI/FS  Work  Plan  Guidance. 
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^1.0  INTRODUCTION  Beach  Point  Test  Site,  APG-EA,  Maryland 

Focused  Feasibility  Study 

This  Focused  Feasibility  Study  (FFS)  work  plan  has  been  prepared  by  the  Jacobs 
Engineering  Group  (JEG)  to  address  areas  of  known  groundwater  contamination  and 
sediment  contamination  at  Beach  Point,  located  in  the  Edgewood  Area  of  Aberdeen 
Proving  Ground  (APG),  MD.  The  work  plan  has  been  prepared  at  the  request  of  Battelle 
Memorial  Institute  Environmental  Management  Operations  (EMO)  and  Aberdeen  Proving 
Ground  Directorate  of  Safety,  Health,  and  Environment  (APG-DSHE)  under  Contract 
DE-AC06-76RL01830  and  Master  Agreement  071914-A-D7  Task  Order  No.  142133, 
Supplement  8. 

Beach  Point  is  a  peninsula  located  immediately  adjacent  to  the  mouth  of  Kings  Creek. 

Kings  Creek  is  a  major  tributary  to  the  Bush  River  that  drains  the  majority  of  chemical 
storage  and  research  and  development  areas  at  APG.  As  the  former  location  of  propellant, 
smoke,  and  pyrotechnic  testing  activities,  as  well  as  chemical-protective  clothing- 
impregnating  operations,  the  site  is  known  or  suspected  to  be  contaminated  with  various 
industrial  solvents  and  military-related  compounds.  Contaminants  from  the  site  may  be 
f  impacting  water  quality  and  aquatic  life  in  nearby  Kings  Creek  and  near-shore  areas  of  the 

Bush  River.  It  should  be  noted  that  this  study  will  deal  only  with  the  surficial  aquifer  at 
Beach  Point  which  is  brackish.  The  deeper  aquifers  will  be  addressed  In  the  Canal  Creek 
Remedial  Investigation/Feasibiitty  Study  (RI/FS). 

The  purpose  of  this  work  plan  is  to  develop  a  framework  tor  a  phased  environmentai 
investigation  at  Beach  Point  that  will  utilize  a  risk-based  approach.  The  overall  goals  of  the 
investigation  will  be;  (1)  to  determine  the  nature  and  distribution  of  contamination  at  the  site 
(and  to  differentiate  between  site-related  contamination  and  naturally-occurring  background 
levels  or  contributions  from  other  sources);  (2)  to  evaluate  whether  human  or 
environmental  impacts  are  potentially  or  actually  occurring  as  a  result  of  site-related 
contami, nation;  and  (3)  to  determine  whether  remedial  actions  are  necessary  to  mitigate 
these  effects.  The  major  objectives  of  the  work  plan  in  achieving  these  overall  goals  are: 
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•  Provide  a  complete  background  characterization  of  Beach  Point  Test  Site, 
including  physical  characteristics  and  environmental  setting;  operations  and 
disposal  history;  summary  of  previous  investigations;  and  contamination 
assessment; 

•  Perform  a  preliminary  contamination  assessment  related  to  groundwater,  surface 
water,  and  other  types  of  contamination  detected  at  Beach  Point  through 
previous  studies,  focusing  on  identifying  contaminants,  exposure  pathways,  and 
human  and  environmental  receptors  of  potential  concern; 

•  Develop  an  environmental  sampling  program,  including  specific  biological  tests 
as  well  as  groundwater,  soil,  and  sediment  sampling,  to  address  data  gaps  and 
provide  the  basis  for  conducting  a  detailed  risk  assessment  and  feasibility  study. 

The  background  information  presented  in  this  work  plan  was  gathered  primarily  from 
unpublished  data,  from  previous  investigations  performed  at  Beach  Point  by  the  U.S. 
Geological  Survey  (USQS)  Water  Resources  Division  office  in  Towson,  MD.  and  from  the 
Edgewood  Area  RCRA  Facility  Assessment  (RFA)  and  other  studies  conducted  by  the  U.S. 
Army  Environmental  Health  Agency  (USAEHA).  The  guiding  document  in  this  work  plan  Is 
the  unpublished  USGS  Canal  Creek  Hydrogeotogic  Assessment  (HQA)  dated  April  1992 
(Final  Draft).  This  work  plan  is  based  on  EPA  RI/FS  work  plan  guidance. 

This  work  will  run  concurrently  and  in  co(H)eration  with  other  studies  being  performed  by  a 
variety  of  other  consultants.  These  include  a  risk  assessment  (ICF  Kaiser  Engineers 
(ICF)I.  biomonitoring  (University  of  Maryland  Agricultural  Experiment  Station  (UM)),  and 
geqihysical  sunreys  (Argonne  National  Lab  (ANL)).  The  results  these  efforts  will  be 
included  in  the  FFS. 

1.1  EVOLUTION  OP  WORK  PLAN 

Under  the  guidance  and  direction  of  APO-OSHE  this  work  plan  was  developed  as  a  three 
phase  approach.  The  first  phase  (Phase  I)  wilt  include  sediment  sampling,  groundwater 
sampling,  sofl  boring,  and  seismic  surveys,  in  con)undion  with  chemical  and  bioiogical 
assays.  The  results  of  these  sunreys  and  sampkng  eveitts  will  be  supplied  to  ICF  for 
development  of  a  risk  assessment  of  the  Beach  Point  site,  based  primarily  on  ecologicai 
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preliminary  remediation  goals  (PRQs).  Initiation  and  conduct  of  Phases  II  and  III  will  be 
dependent  on  the  results  of  this  risk  assessment  and  the  regulatory  review  conducted  by 
the  appropriate  state  and  federal  agencies.  However,  this  work  plan  also  outlines  and 
describes  Phases  II  and  III,  including  relevant  standard  operating  procedures  (SOPs),  in 
anticipation  of  any  possible  further  site  definition  or  remedial  alternatives  analysis  which 
may  be  required.  All  three  PFS  phases  are  discussed  in  detail  in  Section  3.0  of  this  work 
plan. 

ELEMENTS  OF  THE  FFS 

1^1  Scoping  Documents 

Supporting  documentation  for  the  impletnentation  of  the  field  phase  of  the  Beach  Point  FFS 
Work  Plan  and  the  final  data  analysis,  Quality  Assurance/Quatity  Control  (QA/QC)  and 
reporting  is  included  with  the  Project  Work  Plan.  It  includes  three  documents:  a  Field 
Samf^ing  Plan  (FSP),  a  Quality  Assurance  Project  Ptan  (QAPP),  and  a  Health  and  Safety 
Plan  (HASP). 

1JL1.1  F)eM  Samplinfl  Plan.  The  FSP  presents  the  approach  for  conducting  the 
sampling  program,  geophysical  and  soil  gas  surveys,  end  soil  boring^monitoring  well 
instaUatk)r».  It  is  based  on  historic^  sampling  and  analysis  data  and  speciticaliy 
designated  analytes.  The  plan  also  address  sample  handling,  documentation  and 
sartk)ling.  All  in^  phase  field  programs  and  surveys  wlU  be  ideniilied  and  detailed. 

1^1  JK  Quafhv  Ataurence  Protect  Plan.  The  QAPP  has  been  prepared  m  order 
to  support  the  conduct  of  the  FSP  for  the  FFS  at  Beach  Point.  The  QAPP  win  satisfy 
aU  quakiy  assurance  requirements  of  the  Environmer^  Profedion  Agency  (EPA) 
Region  fit  and  APG-QSHE. 
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1.2.1 .3  Health  and  Safety  Plan.  The  HASP  is  a  comprehensive  plan  to  support  the 
implementation  of  the  FSP  at  Beach  Point.  The  HASP  will  satisfy  all  health  and 
safety  information  and  procedures  required  by  EPA  Region  III  and  APG-DSHE. 


1.2.2  Supporting  Consultants  and  Subcontractors 


1. 2.2.1  Supporting  Consultants. 

Surface  Geophysics  —  Argonne  National  Laboratory  will  recommend  and  supply 
all  appropriate  surface  geophysical  surveys  (e.g.,  seismic,  EM,  etc.)  for  the  FFS 
at  Beach  Point. 


Biological  Assessment  —  The  University  of  Maryland  will  provide  the 
bioassessment  of  the  groundwater  and  sediment  at  Beach  Point. 

Risk  Assessment  —  ICF  will  provide  a  risk  assessment  for  groundwater  from  the 
Beach  Point  surficial  aquifer. 


1. 2.2.2  Subcontractors.  JEG  will  be  using  subcontractors  for  the  following 
activities; 

UXO  Surveys  —  UXO  surveys  will  be  conducted  by  a  qualified  company  in 
connection  wl:  i  any  subsurface  field  activities  (e.g.,  soil  sampling,  drilling,  etc.) 
associated  with  the  Beach  Point  FFS. 

Land  Suiveving  —  A  land  surveying  company  will  provide  a  Maryland  certified 
surveyor  for  any  validation  of  well  installation  locations  and  elevation  data  (as 
needed). 

Analytical  Services  —  A  subcontract  laboratory  will  provide  analytical  services 
for  all  groundwater,  surface  water,  soil,  and  sediment  samples.  The  laboratory 
will  be  a  participant  In  EPA's  Contract  Laboratory  Program  and  follow  the 
analytical  methods  Identified  in  the  Quality  Assurance  Project  Plan.  The  data 
will  be  provided  as  Level  IV  data  and  suitable  for  entry  Into  the  Installation 
Restoration  Data  Management  Information  System. 

Downhole  Geophysical  Logging  —  The  ^physical  company  will  provide 
support  for  ail  downhole  geophysical  requirements  (e.g.,  gamma  ray,  velocity 
log,  etc.). 

Drilling  —  The  contractor  will  provide  all  drilling  support  and  provide  an  on-sIte 
Maryland  licensed  driller.  The  expected  activities  are  soil  borings  and 
groundwater  monitoring  well  installation. 
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Pilot  Treatment  Study  —  The  selected  company  (if  needed)  will  provide  nil 
support,  equipment  and  maintenance  over  the  prescribed  time  period  and,  after 
completing  the  study,  provide  a  detailed  treatability  report  of  the  activity. 
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2.1  INSTALLATION  REGIONAL  SETTING  —  EDGEWOOD  AREA.  APG** 

This  section  provides  the  generai  regional  description  of  APG-EA.  A  more  detailed 
description  of  the  Beach  Point  study  area  is  presented  in  Section  2.3.  Figure  2-1  identifies 
APG-EA  and  local  study  areas. 

Climate.  The  climate  of  the  APG  area  is  temperate  and  somewhat  humid.  The  climate  is 
moderated  by  the  Chesapeake  Bay,  with  milder  winters  than  locations  farther  inland.  The 
mean  annual  precipitation  is  45  inches  and  is  fairly  uniformly  distributed  throughout  the 
year.  The  mean  annual  temperature  is  approximately  54°F. 

Physiography.  Topooraphy.  and  Surface  Drainage.  APG  lies  within  the  Coastal  Plain 
physiographic  province.  Tho  land  surface  of  the  Coastal  Plain  is  characterized  by  low  hills, 
shallow  valleys,  and  flat  plains.  Elevations  within  the  main  Aberdeen  and  Edgewood  areas 
of  APG  range  from  sea  level  to  approximately  60  feet  above  sea  level.  Soils  vary  in 
thickness  and  soil  types  range  from  silty  sands  to  clays.  Surface  drainage  is  to  the 
Chesapeake  Bay,  the  Bush  or  Gunpowder  River  estuaries,  or  to  creeks  which  discharge  to 
these  water  bodies. 

Regional  Geology.  APG  lies  on  coastal  plain  sediments  (Figure  2-2)  that  form  a  series  of 
concentric  bands  sub-parallel  to  the  Fall  Line  which  lies  just  north  of  the  installation.  The 
Fall  Line  is  the  boundary  between  old  resistant  crystalline  rocks  of  the  Piedmont  Plateau 
and  the  younger,  softer  sediments  of  the  Coastal  Plain.  The  Coastal  Plain  sediments  are 
of  Cretaceous  and  Quaternary  ages  and  consist  of  unconsolidated  beds  of  clay,  silt,  sand, 
and  occasional  gravel  tenses.  The  sediments  dip  southeasterly,  generally  at  an  angle  of 
less  than  one  degree,  and  thicken  to  several  hundred  feet  under  the  eastern  shore  of 
Chesapeake  Bay.  The  crystalline  rocks  which  underlie  the  Coastal  Plain  sediments  are 
Precambrian  to  lower  Paleozoic  in  age  and  consist  chiefly  of  schist,  gneiss,  gabbro. 


This  informatton  has  bean  derived  from  the  RFA«  1986. 
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granite,  marble,  and  quartzite.  The  surface  of  this  crystalline  basement  rock  also  dips  to 
the  southeast  at  an  angle  of  less  than  one  degree  [Bennett  and  Meyer,  1952;  Oingman  et 
al.,  1956;  Southwick  and  Owens,  1969]. 

The  geologic  formations  that  outcrop  within  APG,  from  oldest  to  youngest,  are  the  Potomac 
Group,  Talbot  Formation,  and  recent  alluvium.  The  Potomac  Group  is  Cretaceous  in  age 
and  is  subdivided  into  the  Patuxent,  Arundel,  and  Patapsco  Formations.  Tiie  Talbot 
Formation  (the  Talbot  may  be  absent  at  Beach  Point)  is  Pleistocene  in  age  and  occupies 
the  higher  ground,  while  the  alluvial  deposits  are  recent  in  age  and  occur  at  the  lower 
elevations. 

The  Potomac  Group  sediments  are  continental  in  origin  and  were  deposited  in  the 
floodplain  of  rivers,  lakes,  and  swamps.  The  lowest  member,  the  Patuxent,  consists 
generally  of  light  gray  to  orange,  moderately  sorted,  angular  to  sub-rounded  sands  with 
gray  silt  and  clay  beds.  The  silt  and  clay  can  constitute  over  50  percent  of  the  material  in 
localized  areas.  The  clays  are  usually  white  but  may  be  brown,  red,  or  purple.  Gravel 
occurs  mostly  in  abandoned  channels  and  may  be  cemented  by  iron  oxide.  The  Arundel 
Clay  overlies  the  Patuxent  and  is  primarily  a  red  and  brown  clay  with  iron  oxide  stains. 
Where  Iron  stains  are  absent,  the  colors  are  gray  to  dark  gray.  Sand  lenses  along  with 
thin  seams  of  cemented  sandstone  also  occur.  The  uppermost  sediments  of  the  Potomac 
Group,  the  Patapsco  Formation,  are  somewhat  similar  to  the  Patuxent  Formation.  The 
noticeable  difference  is  that  the  Patuxent  contains  more  sand  and  gravel  and  the  Patapsco 
Is  marked  by  a  higher  percentage  of  clay.  The  Patapsco  sediments  are  composed 
essentially  of  red,  brown,  white,  or  gray  gravel,  sand,  sandy  clay,  and  clay.  Crossbedding 
is  common.  Most  beds  are  lenticular  and  change  rapidly  in  character  over  short  distances. 
The  sands  are  fine-to-medium  grained  and  sub-rounded  with  a  minor  amount  of  gravel. 

The  Talbot  Formation  and  recent  alluvium  cap  the  Cretaceous  sediments  throughout  most 
of  APG.  The  Talbot  Is  the  youngest  of  five  terraces  and  originally  consisted  of  a  series  of 
clays,  silts,  sands,  and  gravels,  the  recent  alluvium  consists  of  silts,  clays,  and  sands 
which  border  the  drainage-ways  and  occupy  the  topographic  lows. 
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Regional  Hydrogeology.  The  principal  water  bearing  formation  in  the  Coastal  Plan  is  the 
Patuxent  Formation.  The  Patapsco  Formation  also  contains  beds  of  sand  and  gravel 
which  yield  large  quantities  of  water.  The  Arundel  Clay  is  considered  to  be  a  confining 
layer,  but  it  can  yield  small  quantities  of  water  for  domestic  supplies.  Clear  differentiation 
of  these  Potomac  Group  formations  in  Harford  County  is  reportedly  difficult  [Southwick  and 
Owens,  1969].  The  Pleistocene  age  deposits  can  yield  significant  quantities  of  water 
where  the  sand  and  gravel  beds  are  thick.  The  Potomac  Group  and  the  Pleistocene  age 
formations  all  provide,  or  have  provided,  water  for  usage  on  APG.  The  groundwater 
resources  of  Harford  County  are  discussed  in  Nutter  [1977],  and  Nutter  and  Smiga]  [1975]. 

Surface  Water  Usage.  The  primary  source  of  water  for  APG-EA  has  been  from  surface 
water.  The  system  which  has  supplied  potabie  water  to  the  area  is  the  Van  Bibber  system. 
During  World  War  II  (WW II)  a  system  was  also  used  which  supplied  water  from  the  Bush 
River  for  use  in  production  facilities. 

Groundwater  Usage.  Groundwater  has  been  a  secondary  source  of  water,  and  wells  have 
been  used  to  supply  water  when  needs  could  not  be  satisfied  by  surface  water  supplies. 

The  principal  water-bearing  unit  on  a  regional  basis  is  the  Patuxent  Formation,  which  yields 
significant  quantities  of  water  for  domestic  and  municipal  supply  wells.  In  addition,  the 
Patapsco  Formation  is  considered  an  important  aquifer  at  some  locations  where  coarse¬ 
grained  sand  and  gravel  beds  are  present.  However,  neither  of  these  units  Is  used  for 
water  supply  within  APG-EA.  Furthermore,  significant  water-bearing  units  of  these 
formations  are  found  at  considerable  depth  throughout  much  of  the  Installation,  and  thus 
are  protected  from  surface  contamination  by  multiple  overlying  confining  beds.  Although 
surface  water  has  always  been  the  predominant  source  of  water  on  the  Installation,  some 
water  supply  wells  have  been  completed  at  depths  greater  than  100  feet;  none  of  these 
wells  (located  within  the  Canal  Creek  Industrial  area  and  test  range  areas  of  Gunpowder 
Neck)  are  currently  used  for  potable  water  supply,  and  most  have  been  abandoned.  There 
are  no  operating  production  wells  in  the  Beach  Point  Test  Site. 
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2.2  HISTORICAL  PAST  INSTALUTION  RESTORATION  PROGRAM  (IRP)  STUDIES  -  EA 

2.2.1  Previous  Investigative  Studies 

Previous  investigations  and  studies  that  have  addressed  the  Beach  Point  Test  Site  include 
the  United  States  Geological  Sun/ey  (USGS)  Canal  Creek  study  and  several  investigations 
by  United  States  Army  Environmental  Hygiene  Agency  (USAEHA).  These  studies  are 
described  in  the  following  subsections.  Concentrations  of  contaminants  of  concern  (COCs) 
are  discussed  in  more  detail  in  Section  2.4. 

2.2.2  Preliminary  Base  Line  Risk  Assessment 

A  preliminary  baseline  risk  assessment  (ICF;  Durda  and  others,  1991)  was  performed 
between  October  1989  and  January  1991  for  eight  priority  areas  at  APG,  one  of  which  was 
the  Canal  Creek  area.  The  risk  assessments  provide  information  on  potential  adverse 
effects  on  humans  and  wildlife  from  chemical  contamination  at  these  sites.  The 
assessments,  which  are  considered  preliminary  because  of  data  limitations,  are  most 
useful  for  identifying  the  chemicals  of  concern,  exposure  pathways,  and  populations  of 
greatest  potential  concern  for  each  area.  Data  collected  by  the  USDS  (1986  to  1989)  were 
used  for  this  risk  assessment,  alcug  with  some  previously  referenced  data.  For  the  Canal 
Creek  area,  ICF  concludes  fl)  that  it  is  not  possible  to  fully  evaluate  potential  human 
health  risks  with  the  available  data,  (2)  that  acute  and  chronic  toxicity  from  contaminants  in 
Canal  Creek  probably  has  affected  the  composition  and  structure  of  the  resident  aquatic 
communities,  and  (3)  that  terrestrial  wildlife  feeding  In  Canal  Creek  appear  to  be  at  risk 
from  dietary  exposure  to  heavy  metals. 

2.2.3  USGS  Canal  Creek  Study 

The  USGS  Canal  Creek  study,  conducted  from  1986  to  1989,  focused  mainly  on  the  East 
and  West  Branches  of  Canal  Creek,  but  included  some  work  at  Beach  Point  and  the  Kings 
Creek/Bush  River  area.  USGS  installed  and  sampled  two  well  clusters,  with  a  total  of  six 
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groundwater  monitoring  weiis  on  or  near  Beach  Point.  USGS  also  collected  a  limited 
number  of  soil  samples.  In  addition,  eight  surface  water  sampling  stations  were 
established  along  the  Beach  Point  shoreline  (four  stations  each  in  the  Bush  River  and 
Kings  Creek),  along  with  five  stations  in  upstream  areas  of  Kings  Creek.  These  surface 
water  locations  were  sampled  twice  (September  1988  and  June  1989). 


Groundwater  and  surface  water  samples  collected  in  the  USGS  study  were  analyzed  for 
volatile  organic  compounds  (VOCs),  metals  and  other  inorganic  water  quality  parameters, 
and  semi-volatile  organic  compounds  (SVOCs).  Soil  samples  were  also  analyzed  for 
VOCs,  SVOCs,  and  selected  metals.  The  results  of  USGS’s  investigation  are  contained  in 
several  reports,  including  the  following: 


•  Hydrogeology  of  the  Canal  Creek  Area,  Aberdeen  Proving  Ground,  MD;  USGS 
Water-Resources  Investigations  Report  89-4021;  same  as  draft  final  HGA. 

•  Inorganic  and  Organic  Groundwater  Chemistry  in  the  Canal  Creek  Area, 
Aberdeen  Proving  Ground,  MO;  USGS  Water-Resources  Investigations  Report 
89-4022; 

•  A  series  of  letter  reports  (April  1989  and  March  1990)  from  USGS  to  APG- 
DSHE,  containing  unpublished  surface  water  data  from  sampling  conducted  at 
Beach  Point,  Kings  Creek,  and  Canal  Creek;  and 

•  An  unpublished  USGS  Canal  Creek  HGA*  data  report  dated  April  1992 
(currently  In  final  draft  form  April  1992)  containing  chemical  data,  soil  boring  and 
monitoring  well  construction  data,  and  hydrogeologic  data  on  Beach  Point  and 
the  Canal  Creek  area. 


It  should  be  emphasized  that  the  focus  of  the  USGS  study  was  on  evaluating  the 
hydrogeology  and  groundwater  chemistry  of  the  Canal  Creek  area,  not  Beach  Point  or 
Kings  Creek.  These  latter  areas  were  Included  In  the  USGS  study  because  of  similar 
geologic  conditions  (I.e.,  the  surficial  and  Canal  Creek  aquifers  Identified  by  USGS  in  the 
Canal  Creek  also  extend  into  the  Kings  Creek  area).  However,  detailed  discussions  of  the 
local  hydrogeology,  surface-water  hydrology,  and  groundwater  chemistry  at  Beach  Point 


*  This  etudy  was  the  guiding  document  (or  Beach  Point  FFS  Work  Plan. 
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are  not  presented,  or  are  included  within  other  sections  of  the  reports.  Nonetheless,  these 
reports  represent  the  most  recent  and  complete  studies  of  groundwater  and  surface  water 
contamination  associated  with  Beach  Point.  USGS  found  that  the  surficial  aquifer  at  Beach 
Point  was  contaminated  with  1,1,2,2-tetrachloroethane  and  other  chlorinated  VuCs,  and 
that  measurable  levels  of  these  substances  were  present  in  surface  water  on  both  the 
Kings  Creek  and  Bush  River  shorelines  of  the  peninsula. 

2.2.4  USAEHA  Edgewood  Area  Resource  Conservation  and  Recovery  Act  (RCRA) 
Facility  Assessment  (RFA) 

As  noted  previously,  the  Edgewood  Area  RFA  (Nemeth,  USAEHA,  1989)  is  a  detailed 
source  of  information  on  historical  operations  at  Beach  Point  and  surrounding  areas.  The 
RFA  did  not  include  environmental  sampling  at  Beach  Point,  but  contains  a  summary  of 
existing  data  on  SWMUs  in  the  Kings  Creek  drainage  area,  including  waste  types  and 
quantities,  contaminant  behavior  and  migration  pathways,  and  recommendations  for  further 
study.  In  addition,  the  RFA  contains  detailed  information  of  major  processes  performed  at 
Edgewood  (e.g.,  clothing  Impregnating,  chemical  agent  production)  and  data  on  the 
environmental  transport  and  fate  of  military-unique  compounds  related  to  these  activities. 

2.2.5  USAEHA  Aesetament  of  Surface  Waters,  Edgewood  Area 

This  study  (USAEHA  Water  Quality  Biological  Study  No.  24-0043-78, 1977)  was  conducted 
during  July  1977  to  assess  the  Impact  of  Edgewood  Area  domestic,  industrial,  and 
chemical  point  and  non-point  source  discharges  to  the  receiving  water  bodies  and  biota.  It 
included  33  sampling  sites  throughout  Edgewood  Area,  including  four  locations  in  Kings 
Creek.  The  sampling  program  included:  (1)  the  collection  and  analysis  of  surface  water 
samples  for  metals,  nutrients,  general  water  quality  parameters,  and  cholinesterase 
inhibitors;  (2)  sediment  sample  analyses  for  metals,  nutrients,  and  pesticides;  (3)  tissue 
residue  analyses  of  resident  fish  and  clams  from  selected  sites  for  metals;  and  (4)  tissue 
residue  analyses  of  controlled  populations  of  clams  that  were  placed  in  wire  cages  at  the 
water  column-bottom  interface  for  10  weeks  (again  for  metals  only). 
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The  results  of  this  15-year  old  study  must  be  treated  with  caution  because  of  the  major 
changes  that  have  taken  place  at  the  installation  since  the  study  was  completed.  The  most 
significant  of  these  changes  is  that  nearly  all  of  the  point-source  discharges  noted  at  the 
time  of  the  investigation  have  been  discontinued.  Wastewater  is  now  generally  handled 
through  the  sanitary  or  industrial  sewer  systems  and  treatment  plants,  and  direct 
discharges  from  individual  operations  to  nearby  surface  water  bodies  have  essentially 
ceased.  This  situation  contrasts  sharply  with  the  1977  scenario  described  in  the  report  in 
which  16  separate  point-source  discharges  ware  identified  to  Kings  Creek  from  surrounding 
chemicai  and  ballistics  testing  and  development  operations  at  the  time  of  the  USAEHA 
investigation.  This  water  body  currently  receives  no  direct  point-source  discharges. 

Despite  these  limitations,  the  study  provides  valuable  historical  information  on  surface 
water  quality  and  sediment  and  biota  characteristics  within  Kings  Creek.  Major  findings 
include  severe  nutrient  overloading  to  Kings  Creek;  significant  contamination  of  sediments 
with  silver,  mercury,  and  zinc;  and  clams,  fish,  and  crabs  containing  among  the  highest 
levels  of  zinc,  mercury,  cadmium,  and  copper  found  within  the  inotaliation. 

2.2.6  USAEHA  Sediment  Analytic  —  Aberdeen  and  Edgewood  Areas 

This  study  (USAEHA  Water  Quality  Engineering  Study  No.  32-24-0700-87, 1987)  was 
conducted  in  July  1986  to  determine  the  presence  of  APQ-related  contaminants  In 
sediments  from  receiving  water  bodies  near  APG,  and  to  evaluate  macroinvertebrate 
community  diversity  in  these  sediments.  Sediment  samples  were  collected  from  33 
locations  (16  stations  in  the  Aberdeen  Area  and  17  stations  In  the  Edgewood  Area), 
including  three  locations  within  Kings  Ciaek,  and  analyzed  for  nutrients,  metals,  and 
pesticldes/PCBe.  Macroinvertebrate  species  were  also  collected  and  taxonomicaily 
classified  at  all  locations. 

The  study  found  that  samples  from  Kings  Creek,  as  well  as  other  Edgewood  Area  sampling 
locations,  contained  moderate  to  high  levels  of  arsenic,  chromium,  and  lead.  Several 
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Chlorinated  pesticides  were  present  at  low  levels.  PCBs,  however,  were  not  detected  in 
samples  from  Kings  Creek.  Community  diversity  in  the  creek  appeared  to  fail  within  the 
range  of  conditions  observed  throughout  the  installation  (i.e.,  no  major  impacts  to  the 
macroinvertebrate  community  were  apparent);  however,  this  aspect  of  the  study  was 
limited  in  scope  and  should  not  be  considered  definitive. 

2.2.7  USAEHA  Biological  Survey  for  Canai,  Kings,  and  Watson  Creeks 

In  1985,  USAEHA  performed  a  study  to  determine  the  presence  and  biological  effects  of 
priority  pollutants  in  water,  sediment,  fish,  and  macroinvertebrates  in  Canal,  Kings,  and 
Watson  Creeks  (USAEHA  Water  Quality  Biological  Study  No.  32-24*0404<86, 1985). 

Three  stations  were  established  in  each  of  the  creeks  (i.e.,  total  of  nine  sampling 
locations),  and  a  four-phase  sampling  program  encompassing  surface  water,  sediment, 
fish,  and  benthic  invertebrates  was  implemented.  The  program  included  four  rounds  of 
surface  water  sampling  for  VOCs,  SVOCs,  metals,  pesticides/PCBs,  and  nutrients;  two 
rounds  of  sediment  sampling  for  metals  and  pesticides/PCBs;  one  round  of  fish  tissue 
residue  analyses  for  metals  and  pesticides/PCBs;  and  one  round  of  macroinvertebrate 
sampling  for  species  diversity. 

Results  for  Kings  Creek  (including  one  station  at  the  mouth  of  the  creek  near  Beach  Point) 
indicated  contamination  with  SVOCs  (phthalates,  dinitrotoluene)  and  metals  (most  notably 
copper,  lead,  and  zinc)  in  surface  water;  metals,  pesticides,  and  N-€hloro-bis(2,4,6 
trichloroephenyOurea  contamination  in  sediments;  and  chiordane.  DDT.  PCBs,  mercury, 
selenium,  and  zinc  contamination  in  fish  tissues.  Macrotnvertebrate  community  diversity 
was  considered  intermediate  to  poor,  however,  diversity  indices  showed  downstream 
improvement  from  the  headwaters  area  of  Kings  Creek  to  the  Beach  Point  Te^  Site. 
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2.3  SITE  ENVIRONMENTAL  SETTING  —  Beach  Point  Teat  Site.  APG^EA 


This  section  presents  a  description  of  the  physical  and  environmental  setting  at  Beach 
Point;  provides  a  brief  operations  and  disposal  history  for  the  site;  and  is  followed  by  a 
historical  contamination  assessment  based  on  existing  data. 

2.3.1  Suspected  Contaminant  Sources 

As  indicated  in  the  summary  descriptions  that  follow,  widely  varying  levels  of  information 
are  available  on  these  potential  solid  waste  management  units  (SWMUs).  ranging  from 
limited  environmental  sampling  to  very  limited  information  on  production  activities. 

However,  three  important  factors  should  be  recognized  in  the  context  of  the  Beach  Point 
Investigation;  (1)  other  potential  contaminant  sources  are  located  in  the  Kings  Creek 
drainage  basin:  these  sources  are  addressed  in  other  studies  outside  the  scope  of  the 
Beach  Point  FPS;  (2)  rrtany  of  these  contaminant  sources  are  facilities  that  historically 
discharge  wastewater  via  drainage  ditches  diredly  to  Kings  Creek;  and  (3)  most  of  those 
facilities  were  involved  in  operations  simitar  to  those  conducted  on  Beach  Point,  including 
pyrotechnic  and  smoke  testing,  cherrucal  agent  storage,  and  ordnance  testing.  Investigating 
and  addressing  these  factors  is  outside  the  scope  of  this  FFS. 


Several  testing  and  production  activities  that  may  havs  contributed  to  environmental 
contamination  in  the  Kings  Creek/Bush  River  area  were  formerly  located  at  Beach  Point. 
These  operations  included  the  following  ma)or  activities  (USAEHA.  1969): 


•  Mobile  and  fixed-based  clothing-impregnating  plants  were  operated  at  Beach 
Point  during  and  after  World  War  It;  these  pianie  were  used  to  treat  ckMhtng  wHh 
a  waxy  material  that  provkies  resistance  to  penetration  by  chemica)  warfare 
agents  such  as  mustard.  The  clothing-impregnaling  process  involved  several 
hazardous  solvents  as  w^l  as  the  impregnatbig  chermcal  CC2  (N.N'-dichk>ro- 
bis(2,4,6-trichk)rophenyt)urea)  and  chlorinated  paraffin  wax. 

•  Liquid  rodret  fuel  testing,  including  the  evaluation  of  fire  and  vapor  suppression 
methods  tor  these  materials,  was  conducted  in  the  northern  area  of  the  poini 
from  the  earty  1960s  through  the  1970s.  Test  materials  included  hydrazine, 
unsymmetrical  dimethythydrazine  (Ul^f).  red  fuming  nitric  at^ 

nitrogen  teuoxkte,  and  other  propOKaids  and  fuels. 


Jeoobs  FjnfUheetfng  Gtoup  lae. 
WaMbing/KhOfieMons 


FINAL  PROJECT  WORK  PLAN 


2-11 


Revision  No.:  0 
Date:  10/5/93 
Page:  1 2  of  65 

Beach  Point  Test  Site,  APG-EA,  Maiyiand 

Focused  Feasibility  Study 

•  Pyrotechnic  testing  was  performed  by  the  Chemical  Research  Development 
Engineering  Center  (CRCEC)  Research  D*'ectorate  from  the  post-World  War  II 
period  until  about  1970;  this  testing  included  work  with  grenades  and  pots  filled 
with  obscurant  (i.e.,  white)  smoke,  with  limited  testing  of  colored  smokes.  Fog 
oil  was  also  used  extensively  in  smoke  and  pyrotechnic  testing  at  Beach  Point. 

In  addition  to  these  major  operations,  Beach  Point  was  also  used  for  small-scale  storage  of 
lethal  agents  (G-agents)  during  the  195Cs,  and  was  used  as  a  firing  position  for  testing  of 
4.2-inch  mortars  in  the  1940s.  However,  neither  of  these  activities  is  considered  to  be  of 
major  environmental  significance  compared  to  the  clothing-impregnating,  pyrotechnic,  and 
rocket-fuel  testing  (USAEHA,  1989). 

More  detailed  descriptions  of  these  potential  waste-gonerating  operations,  including 
information  on  the  possible  types  and  quantities  of  waste  materials  as  well  as  waste 
storage  and  disposal  methods,  are  described  in  the  following  subsections.  (NOTE:  The 
information  included  in  the  remainder  of  this  section  has  been  summarized  from  the 
Edgewood  Area  RFA  [Nemeth,  USAEHA,  1989]). 

2.3.1 .1  Clothing-Impregnating  Ocarations.  Beginning  in  1943,  Beach  Point  was 
the  site  for  pilot-scale  testing  and  full-scale  operation  of  mobile  clothing-impregnating 
operations.  Operations  at  the  point  included  both  the  M1  (solvent-based)  and  M2 
(wator-bajed)  processes,  using  the  impregnate  CC2  (N,N-dlchloro-bis(2,4.6- 
trichiorophenyl)urea).  These  plants  were  located  In  the  central  portion  of  the  Beach 
Point  peninsula. 

Both  the  water-based  and  solvent-based  processes  utilized  CC2  and  chlorinated 
paraffin  waxes,  as  well  as  1500  to  1800  pounds  of  chlorobenzene  over  the  period  of 
operation  1943  to  1947.  The  solvent-based  process  was  uiso  estimated  to  have 
used  approximately  100,000  pounds  of  1,1,2,2-tetrachlorethane  during  this  period 
(USAEHA,  1969).  Other  chemicals  that  may  have  been  used  in  the  impregnating 
processes  include  zinc  oxide  and  the  solvents  polyvinyl  alcohol  and  *  ,2- 


I 


I 


I 


I 


I 


I 


I 


I 


j 


3E  Jacobs  Engineering  Qroup  Inc. 
ilEI  Washington  Operations 


FINAL  PROJECT  WORK  PLAN 

llP«W»«fS 

2-12 


I 


( 


Revision  No.:  0 
Date:  10/5/93 
Page:  13  of  65 

Beach  Point  Test  Site,  APG-EA,  Maryland 

Focused  Feasibility  Study 

dichioroethane.  Reports  also  indicate  that  carbon  tetrachloride,  paraformaldehyde, 
formaldehyde,  tetrachloroethylene,  kerosene,  dichloromethylhydantoin,  and 
chlorinated  kerosene  may  have  been  used  in  pilot-scale  or  oevelopmental  clothing 
impregnating  processes  (USAEHA,  1989). 

Losses  of  tetrachloroethane,  chlorobenzene,  impregnate  materials,  and  other 
solvents  (if  used)  may  have  occurred  through  volatilization,  spitiage,  or  leakage,  as 
veil  as  direct  discharge  of  off-specification  batches,  dirty  or  spent  solvents,  or 
contaminated  materials  to  Kings  Creek  and/or  the  Bush  River.  Historical  aerial 
photographs  indicate  the  presence  of  several  small  pits  near  the  ciothing- 
impregnating  plants  that  were  probably  used  for  disposal  of  liquid  wastes  (USAEHA, 
1989).  In  addition,  historical  evidence  suggests  that  wastewater  from  the  plants  was 
most  likely  discharged  directly  to  nearby  surface  water  bodies  without  treatment. 

2.3.1 .2  Rocket  Fuel  Testing.  Testing  to  evaluate  fire  and  vapor  suppression 
methods  for  liquid  rocket  fuels  was  performed  in  the  northern  portion  of  Beach  Point 
(see  Figure  2-3)  from  the  early  1960s  through  the  1970s.  Although  testing  appears 
to  have  been  varied  and  extensive,  a  typical  procedure  involved  the  mixing  of  the 
hypergolic  propellants,  such  as  hydrazine,  UDMH,  RFNA,  and  nitrogen  tetroxide,  in  a 
large  bum  pan  (16  feet  square  by  1  foot  deep)  to  form  a  fireball,  and  attempting  to 
suppress  the  flame  with  water  deluge  or  mist  (USAEHA,  1989).  There  is  also 
evidence  to  suggest  that  “halon"-type  materials  (i.e.,  chlorofluorocarbons  (CFCs)) 
were  used  as  fire  suppressants  in  some  tests.  As  an  example  of  typical  operations, 
during  the  period  1963  to  1965,  a  series  of  47  tests  were  performed,  using 
approximately  10,000  pounds  of  fuel  and  oxidizers.  Although  definitive  information 
regarding  wastewater  handling  at  the  rocket  fuel  testing  area  is  not  avaHabie,  it 
appears  that  wastewater  from  tests  was  either  discharged  directly  to  the  Bush  River 
or  Kirigs  Creek,  or  allowed  to  run  off  onto  the  ground  surface.  Either  method  would 
have  resulted  in  potential  contarr^nation  of  surface  water,  sediment,  and  possibly 
groundwater  with  propellant  residues  and  other  waste  materials. 
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In  addition  to  rocket  fuel  testing,  small  quantities  of  expiosive  mixtures  and 
compounds  were  tested  in  the  northern  area  of  Beach  Point  during  the  1970s 
(McKown,  personal  communication).  Test  materials  may  have  included 
trinitrotoluene  (TNT),  tetryl,  RDX,  HMX,  and  other  explosive/propellant  compounds. 

2.3.1 .3  Pyrotechnic  Testing.  As  noted,  pyrotechnic  and  smoke  testing  was 
performed  at  Beach  Point  by  CRDEC  from  the  1940s  to  about  1970.  These  tests 
were  performed  in  test  chambers  in  Buildings  E3861,  E3871,  E3870  as  well  as  at 
outdoor  locations  in  the  southern  portion  of  the  peninsula  (Figure  2-3).  The  primary 
materials  tested  were  white  obscurant  smokes  (e.g.,  HC)  in  nrenades  and  pots,  and 
fog  oil.  Other  pyrotechnic  materials  (e.g.,  FS,  WP)  also  may  have  been  tested,  but 
records  on  the  types  and  quantities  that  may  have  been  tested  are  not  available. 
Materials  associated  with  pyrotechnic  testing  often  include  aluminum,  magnesium, 
zinc,  lead,  and  titanium,  as  well  as  petroleum  compounds,  hexachloroethane,  and 
other  organic  compounds. 

2.3.1 .4  Other  Beach  Point  Operations.  Additional  environmentally  significant 
activities  that  have  been  conducted  at  Beach  Point  include  the  storage  of  small 
quantities  of  lethal  chemical  agents  (G-agents)  during  the  1950s,  and  test  firing  of 
4.2-inch  mortars  during  the  1940s.  The  nerve  agents  were  reportedly  stored  in 
Building  E3990  or  another  small  structure  near  the  northern  end  of  the  peninsula, 
and  there  is  no  evidence  to  suggest  that  any  spillage  or  leakage  occurred  from  this 
unit.  Mortar  firing  could  potentially  release  small  quantities  of  explosive  compounds 
(including  dinitrotoluene,  nitrocellulose,  dibutylphthalate,  and  diphenylamine)  to  the 
environment.  However,  the  nature  of  the  testing  performed  at  Beach  Point  (direct 
tiring  of  loaded  munitions)  makes  significant  environmental  contamination  from  these 
operations  unlikely  (USAEMA,  1989). 
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2.3.1 .5  Edqewood  Area  Sanitary  Wastewater  Treatment  Plant  (WWTP).  This 
wastewater  plant  has  operated  since  1942,  originaliy  as  a  primary  treatment  plant 
and  currently  as  a  secondary  treatment  trickling-filter  plant  with  a  design  capacity  of 
3  million  gallons  per  day  (MGD).  The  plant  received  very  high  loadings  of  toxic 
substances  during  early  operation,  especigilly  1,1,2,2-tetrachloroethane  from 
production  activities  during  and  after  World  War  II.  Currently,  wastewater  containing 
hazardous  substances  is  pre-treated  before  discharge  to  the  sanitary  system  or  is 
diverted  to  the  industrial  wastewater  treatment  plant,  and  sludge  from  the  WWTP  has 
been  determined  to  be  non-hazardous  by  RCRA  testing.  The  plant  discharges 
directly  to  the  Bush  River  under  the  National  Pollutant  Discharge  Elimination  System 
(NPDES)  permit. 

2.3.2  Geology 

APG-EA  is  underlain  by  coastal  plain  sediments  consisting  of  unconsolidated  clay,  silt,  and 
sand  layers  with  occasional  gravel  lenses.  The  coastal  plain  sediments  are  several 
hundred  feet  thick  in  the  vicinity  of  the  installation,  and  consist  predominantly  of  the 
Potomac  Group  (subdivided  into  the  Patuxent,  Arundel,  and  Patapsco  Formations),  the 
Talbot  Formation  (probably  absent  at  Beach  Point),  and  recent  alluvium.  Within  the 
Potomac  Group,  the  Patuxent  Formation  is  comprised  mostly  of  medium-grained  sand  with 
some  silt  and  clay,  while  the  Arundel  Formation  is  predominantly  red  to  brown  clay.  The 
uppermost  member  of  the  group,  the  Patapsco  Formation,  consists  of  sand  and  gravel  with 
subsidiary  clay  lenses.  The  younger  Talbot  Formation  (consisting  of  a  terrace  sequence  of 
sands,  silts,  and  clays)  usually  overlies  the  older  Potomac  Group  sediments,  and  is  more 
often  encountered  in  upland  areas  of  APG.  Recent  alluvium  is  mostly  associated  with 
stream  channels  and  other  areas  of  active  deposition. 

Within  the  Beach  Point  study  area  only  the  surficial  aquifer  will  be  addressed,  the  lower 
aquifers  will  be  studied  as  part  of  the  Canal  Creek  RI/FS.  Surficial  sediments  consist  of  a 
clayey  soil  to  a  depth  of  about  four  feet,  underlain  by  approximately  60  feet  of  fine-  to 
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medium-grained,  well-sorted  sand,  interfingered  with  thin  lenses  of  clay  and  silty  sand  and 
sometimes  containing  coarse  sand  and  gravel  layers  (USGS,  1989a).  This  unit,  which 
appears  to  be  part  of  the  Potomac  Group,  is  underlain  by  a  clay  layer  identified  in  the 
USGS  Canal  Creek  study  (1989)  as  the  upper  confining  unit.  This  unit  was  not  penetrated 
at  Beach  Point,  but  based  on  interpretation  of  boring  logs  from  nearby  areas  suggest  a 
thickness  of  approximately  88  feet  and  thinning  in  east-southest  direction,  '’'he  upper 
confining  unit  may  consist  of  mainly  Potomac  Group  sediments  (possibly  Arundel  Clay). 

The  CC-33B  well  is  the  deepest  penetrating  well  in  the  surficial  aquifer  (see  Figures  2-4 
and  2-5).  Beach  Point  surficial  sediments  and  clay  confining  unit  appear  io  dip  gently 
(about  50  feet/mile)  to  the  southeast  coast  (USGS,  1989). 

2.3.3  Groundwater 

Groundwater  at  Beach  Point  is  encountered  at  shallow  depths  (e.g.,  from  less  than  13  feet 
to  about  16  feet  below  ground  surface  in  most  areas)  under  unconfined  conditions.  The 
water-table  aquifer  in  many  areas  is  hydraulically  interconnected  to  creeks,  wetlands,  and 
other  surface  water  features,  and  is  tidally  influenced  at  locations  in  proximity  to  the  Bush 
and  Gunpowder  Rivers  and  associated  tidal  creeks/wetlands.  Net  groundwater  flow 
direction  in  the  water-table  aquifer  at  most  locations  is  toward  nearby  major  water  bodies, 
but  tidal  effects  and  the  influence  of  wetlands  and  smaller  water  bodies  can  make 
groundwater  flow  patterns  locally  complex.  Gradients  are  generally  flat  (reflecting  surface 
topography  and  fluctuating  tidal  and  seasonal  water  levels),  resulting  in  relatively  slow 
groundwater  flow  rates  in  most  areas  of  the  water-table  aquifer. 

The  water-table  aquifer  at  Beach  Point  appears  to  be  an  isolated  part  of  the  surficial 
aquifer  identified  throughout  the  Canal  Creek  area  of  APG  by  USGS  (1989  and  1992).  As 
noted  above,  this  unit  is  most  likely  comprised  mainly  of  sediments  associated  with  the 
Potomac  Group,  and  consists  of  fine-  to  medium-grained  sand.  Some  hydraulic  testing 
(e.g.,  slug)  was  performed  on  wells  Installed  within  the  Beach  Point  Test  Site  (test  results 
not  available),  but  slug  tests  from  otfter  areas  of  the  surficial  aquifer  within  the  Canal  Creek 
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drainage  suggest  a  hydraulic  conductivity  of  10  to  50  feet/day  (10"“^  to  10"^  c,/sec).  The 
confining  unit  beneath  this  surficial  aquifer  appears  quite  thick  (88  feet)  and  laterally 
continuous  at  Beach  Point.  Therefore,  the  underlying  sand  and  gravel  unit  (the  Canal 
Creek  aquifer)  is  not  likely  to  exhibit  significant  hydraulic  interconnection  with  the  water- 
table  aquifer.  A  generalized  hydrogeoiogic  section  6f  the  Beach  Point  Canal  Creek  area  is 
presented  in  Figure  2-6.  The  deeper  aquifers  at  Beach  Point  will  be  addressed  in  the 
Canal  Creek  Rl/FS. 

Very  limited  water  levei  information  from  the  Beach  Point  Test  Site  collected  by  USGS  as 
part  of  their  Canal  Creek  study  indicates  that  the  water-table  aquifer  is  tidaily  influenced. 

It  appears  that  the  aquifer  may  discharge  to  both  Kings  Creek  and  Bush  River,  depending 
on  the  specific  location  on  the  Point.  Vertical  gradients  appear  to  be  generally  downward 
from  the  surficial  unit  to  the  Canal  Creek  aquifer.  However,  the  thickness  and  continuity  of 
the  clay  unit  make  it  unlikeiy  that  significant  vertical  groundwater  movement  (and 
associated  contaminant  migration)  into  the  deeper  aquifer  actually  occurs  at  Beach  Point 
f  (USGS,  1989).  Overall,  the  water-table  groundwater  system  within  Beach  Point  appears  to 

be  characterized  by  local  recharge,  short  flow  paths,  and  tidal  influences  (USGS,  1989). 
Tidal  effects  result  In  variable  horizontal  gradients  and  possible  short-term  fluctuations  in 
groundwater  flow  rates  and  recharge-discharge  relationships. 

Quarterly  groundwater  elevation  monitoring  performed  by  USGS  from  1988  to  1989  in  wells 
installed  at  Beach  Point  (see  Table  2-1)  indicates  relatively  constant  water  levels  (within 
tidal  variations)  over  the  year,  with  little  seasonal  variation  (USGS,  unpublished  data).  This 
suggests  that  the  surficial  aquifer  at  Beach  Point  is  more  strongly  influenced  by  tidal 
conditions  than  by  recharge  from  Infiltrating  precipitation.  However,  a  complete  set  of 
short-time  water-level  measurements  that  would  allow  tidal  head  differences  and  gradient 
fluctuations  to  be  quantified  is  not  available. 
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Table  2*1.  Synoptic  Water-Level  Measurements  from  Wells  in  the  Bleach  Point  Test  Site 


Graundwaler  Elavationt,  in  Faat  Above  Sea  Laval 

Local 

Nufiibar 

Aquifar 

owowss 

- 1 

12/02188 

BW13f89 

07/18/89 

1«3Q/89 

CC-32A 

S 

1.19 

.79 

1.03 

1.51 

1.18 

CC-32B 

s 

1.16 

.58 

1.29 

1.85 

1.18 

CC-33A 

s 

1.09 

.76 

.94 

1.38 

1.12 

CC-33B.1 

s 

.88 

.11 

1.18 

1.87 

.93 

CC-33B 

.97 

.17 

1.25 

1.94 

1.00 

CC-34A 

s 

.20 

.69 

1.05 

1.61 

1.12 

CC-35A 

s 

-3.87 

-3.97 

-3.40 

-3.24 

-3.58 

Studies  by  USQS  (1989  and  1992)  indicate  that  groundwater  at  Beach  Point  contains  1000 
i  to  3000  mg/L  total  dissolved  solids  (TDS).  and  is  characterized  by  a  distinct  sodium 

chloride  chemistry  typically  associated  with  fresh  to  slightly  brackish  water.  The  TOS 
values  and  malor-ion  chemistry  observed  in  groundwater  are  very  similar  to  the  surface 
chemistry  in  Kings  Creek  and  the  Bush  River,  and  indicate  a  signllicant  interconnection 
with  these  nearby  surface  water  bodies. 

2X4  Surface  Water  Hydrology 

Beach  Point  is  located  at  the  mouth  ol  Kings  Creek,  which  drains  atHJroximateiy  BOO  acres 
of  the  northeastern  portion  ol  the  Gunpowder  Neck  peninsula  (see  Figyre  2-1).  The  Kings 
Creek  drainage  basin  is  located  compteiety  within  the  boundaries  of  APO-Edgewood  Area 
and,  as  noted,  encompasses  the  majority  ol  chemit^  and  ballistics  laboratory  and  BAD 
fadliiies  on  the  installaticn. 
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Kings  Creek  is  essentiaily  a  tidal  estuary  associated  with  the  Bush  River,  and  flow  from  the 
creek  appears  to  occur  mainly  as  a  result  of  tidal  flushing  (i.e.,  net  adjective  flow  resulting 
from  stream  gradient  appears  minimal).  Drainage  into  the  main  body  of  the  creek  is 
through  numerous  subsidiary  or  "feeder"  streams  and  wetlands.  The  tidal  range  for  the 
creek  is  typically  less  than  1  foot,  and  salinity  generally  varies  from  approximately  1  to  3 
salinity  units  (parts  per  thousand,  or  ppt)  (USAEHA,  1986).  A  bathymetric  map  of  the 
creek  is  not  available,  but  surrounding  topography  suggests  that  most  of  the  creek  is  likely 
to  be  shallow  (i.e.,  less  than  10  feet  deep). 

The  Bush  River  at  Beach  Point  is  also  tidal,  with  a  range  of  0.5  to  1 .5  feet.  The  river  is 
approximately  one  mile  wide  at  Beach  Point,  and  is  generally  less  than  six  feet  deep 
except  in  the  shipping  channel,  where  the  depth  is  about  20  feet.  Major  tributaries  to  the 
river  include  Otter  Point  Creek,  Lauderick  Creek,  and  Kings  Creek.  Net  daily  or  annual 
flow  information  on  the  Bush  River  in  the  Gunpowder  Neck  area  is  not  available. 

2.3.5  Natural  Resources  and  Habitat 

The  National  Oceanic  and  Atmospheric  Administration  (NOAA)  identifies  the  entire  Kings 
Creek  shoreline,  with  the  exception  of  Beach  and  Tapler  Points,  as  freshwater  wetland  and 
marsh  habitat.  The  Kings  Creek  and  Bush  River  shorelines  of  Beach  Point  and  Tapler 
Point  are  classified  as  coarse  sand  beaches. 

APG  provides  important  wildlife  habitat  for  many  aquatic  organisms,  including  several 
endangered  or  threatened  species  (e.g..  striped  bass),  and  commercially  important  species 
such  as  the  blueback  herring.  Many  types  of  wading  birds,  waterfowl,  and  raptors  (e.g., 
bald  eagle,  osprey)  are  found  in  near-shore  habitats  at  APG,  and  much  of  the  base  is 
managed  for  wildlife,  which  include  white-tailed  deer,  beaver,  and  wild  turkey. 
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Concurrent  studies  by  ICF  and  the  University  of  Maryiand  wiii  address  biomonitoring  and 
risk  assessment.  Further  studies  by  ICF  will  provide  a  detailed  analysis  of  the  ecology  of 
Kings  Creek. 

2.3.6  Preliminary  Aerial  Photography  Analysis 

This  preliminary  analysis  of  the  available  aerial  photographs  at  APG-DSHE  has  large  data 
gaps  due  to  the  limited  range  of  photos.  (Additional  photos  will  be  obtained  from  various 
sources  to  address  these  gaps  and  Beach  Point  data  will  be  re-evaluated  during  Phase  I  of 
the  FFS.) 

Analysis  of  available  aerial  photographs  was  performed  to  examine  the  history  of 
construction  and  excavation  at  the  Beach  Point  Test  Site.  This  review  assists  with  locating 
any  pits,  trenches,  landfills,  and  lagoons  that  are  possible  source  areas  for  environmental 
contamination  of  the  site.  Photo  pairs  were  viewed  with  a  stereoscope  to  achieve  a  three- 
dimensional  view  of  the  site  and  surrounding  areas.  The  following  stereo  pairs  from  APG- 
OSHE  archives  were  reviewed: 

Photo  Number  (pair)  Date  Approximate  Scale 

16-V05-36  (37)  circa  1944  1:9000, 

ANK-3K-128(129)  July  1952  1:10000, 

ANK-3T-165  (168)  August  1957  1:10000,  and 

QS-VCLI 3-135  (136)  February  1970  1:10000. 

The  1944  stereo  pair  shows  the  Beach  Point  peninsuia  is  heavily  vegetated  with  large 
trees.  One  mator  structure  appears  on  the  penirtsula  at  the  midpoint  of  the  south  side  of 
the  site.  Several  small  sheds  are  located  north  and  northwest  of  this  building.  A  pipeline 
is  shown  leading  from  the  building  into  the  Bush  River.  No  pits  or  other  excavations  are 
ap^rent  on  the  peninsula. 


Iji  Jacobs  Engkmdngdnxjp  lac.  FINAL  PROJECT  WORK  PLAN 

SSI  Wa^tfaifion  OpaMlons  Wfwrfs 


2-24 


Date;  10/5/93 
Page;  25  Of  65 

^  Beach  Point  Test  Site,  APG-EA,  Maryland 

Focused  Feasibility  Study 

The  1944  photos  show  that  the  wastewater  treatment  plant  (WWTP)  is  constructed 
immediately  west  of  the  peninsula.  The  WWTP  consists  of  two  circular  trickling  filters,  or 
clarifiers,  along  the  south  side  of  Beach  Point  Road;  two  lagoons,  approximately  40  feet 
wide  and  125  feet  long,  along  the  north  side  of  the  road;  and  three  smaller  lagoons,  or 
sludge  drying  beds,  west  of  the  larger  lagoons.  A  filled  flat  area,  approximately  one  acre, 
extends  south  from  the  clarifiers  toward  Bush  River.  Both  of  the  larger  lagoons  appear 
filled  with  liquid.  Liquid  in  the  northern  lagoon  shows  as  light  to  medium  gray, 
approximately  the  same  shade  of  gray  as  shallow  water  in  Bush  River.  Liquid  in  the 
southern  lagoon  appears  black,  suggestive  of  a  liquid  that  is  not  water.  No  liquid  is 
apparent  in  the  three  smaller  lagoons.  A  trench,  or  borrow  pit,  is  shown  immediately  north 
of  the  lagoons.  The  pit  starts  approximately  250  to  300  feet  west  of  the  smaller  lagoons 
and  extends  eastward  into  Kings  Creek.  Material  from  this  area  may  have  been  used  to 
level  the  land  upon  which  the  WWTP  was  built. 

The  1952  stereo  pair  shows  two  additional  buildings  erected  on  Beach  point  in  a  cluster 
%  within  the  area  of  the  originally  mentioned  structure.  A  small  pit  shows  approximately  200 

feet  northeast  of  these  buildings  about  halt  the  distance  between  the  buildings  and  the  end 
of  the  peninsula.  The  size  of  the  pit  is  estimated  as  10  feet  wide  and  25  feet  long.  Liquid 
is  not  visible  in  the  pit,  At  least  eight  new  structures  are  located  east  of  the  WWTP  and 
southwest  of  the  Beach  Point  building  cluster.  Two  nearly  circular  objects  less  than  10  feet 
In  diameter  appear  approximately  100  feet  southwest  of  the  building  cluster.  These  objects 
may  be  smalt  pits;  however,  shadows  from  nearby  trees  make  Interpretation  difficult. 

In  the  1957  stereo  pair,  the  cluster  of  three  buildings  on  the  Beach  Point  peninsula  are 
demolished.  The  pit  northeast  of  these  former  structures  appears  to  have  been  filled  and 
reclaimed.  The  small,  nearly  circular  pits  are  also  not  visible  in  the  photographs.  The  two 
large  lagoons  at  the  WWTP  have  been  filled  and  replaced  by  three  smaller  lagoons.  Many 
trees  make  viewing  difficult  for  observing  other  lesser  changes  in  the  area. 
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The  1970  Stereo  pair  shows  that  the  tip  of  Beach  Point  extending  approximateiy  one- 
quarter  the  length  of  the  peninsula  is  cleared  of  trees.  A  dark  area  appearing  in  the  center 
of  this  cleared  area  is  probably  the  rocket  fuel  fire-suppression  test  area.  A  pit  appears  at 
the  site  of  the  building  described  in  the  1944  aerial  photos.  No  liquid  is  seen  in  the  pit. 

The  WWTP  has  been  modified  to  include  two  large  trickling  filters:  one  located  south  of 
Beach  Point  Road  and  east  of  the  older  clarifiers,  the  other  located  north  of  the  road  and 
east  of  the  three  lagoons.  A  small,  irregularly-shaped  area,  possibly  an  excavation,  shows 
approximately  150  to  200  feet  east  of  the  northern  trickling  filter.  Numerous  small 
structures  exist  in  the  tree-covered  area  of  the  peninsula. 

All  aerial  photos  will  be  re-evaluated  as  part  of  this  study  when  a  complete  set  has  been 
received  and  interpreted. 

2.4  HISTORICAL  CONTAMINATION  ASSESSMENT 

This  section  describes  the  nature  and  distribution  of  chemical  contamination  at  Beach 
Point.  The  assessment  is  based  on  the  results  of  previous  investigations  and  sampling 
events,  and  includes  an  evaluation  of  chemical  conditions  in  groundwater,  surface  water, 
soil,  sediment,  and  biota  (although  the  data  sets  for  the  latter  two  media  are  very  limited). 

In  addition,  a  discussion  of  potential  migration  pathways,  as  well  as  fate  and  transport 
characteristics  of  site-related  chemicals.  Is  also  included,  and  a  comparison  to  background 
conditions  In  Kings  Creek  is  presented  (again,  based  on  veiy  limited  data).  The  section 
concludes  with  a  brief  summary  and  discussion  of  data  gaps.  Table  2-7  at  the  end  of  this 
section  contains  a  list  of  the  present  chemicals  of  concern  (COC). 

Chemicai  Contamination  In  Environmental  Madia.  As  described  previously,  past 
industrial  and  ordnance-testing  operations  in  the  Beach  Point  Test  Site  have  potentially 
contaminated  surface  and  subsurface  soils,  groundwater,  surface  water,  sediment,  and 
biota.  These  contaminants  Include  metals,  propellant  and  fuel  compounds,  VOCs,  and 
clothing-impregnating  compounds.  This  section  presents  a  summary  of  existing  data  on 
chemical  contamination  in  these  media. 
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2.4.1  Soil 

Two  surface  soil  samples  (#44  and  #45)  from  Beach  Point  were  collected  near  the  former 
location  of  the  mobile  and  fixed-base  clothing-impregnating  plants  (Figure  2-7)  and 
analyzed  for  VOCs,  SVOCs,  and  selected  metals.^  These  samples  were  collected  by 
USGS  as  part  of  the  Canal  Creek  investigation,  and  were  analyzed  according  to 
USATHAMA  protocols  by  a  United  States  Army  Toxic  and  Hazardous  Materials  Agency 
(USATHAMA)  class  laboratory. 


Analytical  results  for  the  samples  are  presented  in  Tables  2-2  and  2-3.  Detected 
parameters  included  several  metals  (iron,  manganese,  calcium,  magnesium,  sodium,  and 
arsenic)  and  the  organic  compounds  phenol  and  trichiorofluoromethane  (TCFM).  Although 
a  background  sample  for  direct  comparison  was  not  collected,  all  of  the  detected  metals 
are  common  soil  components,  and  it  appears  that  the  measured  concentrations  are  within 
naturally  occurring  ranges  for  soils  in  the  Eastern  U.S.  It  should  be  noted  that  zinc,  which 
was  used  in  the  XXCC3  clothing-impregnating  process  and  is  a  major  component  of  many 
pyrotechnic  and  smoke  mixtures,  was  not  detected  in  the  surface  soil  samples. 

The  organic  compounds  phenol  and  TCFM  are  present  in  site  soils  only  at  trace  levels 
(less  than  1  ug/g),  and  cannot  be  directly  linked  with  past  site  operations  based  on 
information  regarding  ciothing  Impregnating.  However,  phenol  is  a  common  Industrial 
chemical  that  could  be  derived  from  numerous  sources,  and  TCFM  may  be  present  as  a 
result  of  rocket  fuel  testing  in  which  CFC  compounds  were  used  as  fire  suppressants. 

2.4J2  Groundwater 

Groundwater  data  for  VOCs,  SVOCs,  metals,  and  major  Ions  are  available  from  six 
monitoring  wells  Installed  in  the  Beach  Point  Test  Site  by  USGS  as  part  of  their  Canal 
Creek  study.  As  shown  In  Figure  2-8,  monitoring  wells  32A,  32B,  33A,  33B,  and  34A  are 
located  on  Beach  Point  in  the  vicinity  of  the  former  clothing-impregnating  operations.  Well 
35A  represents  a  potential  background  location  for  the  point;  however,  this  welt  may  be 
located  downgradient  from  other  source  areas. 


Jacobs  Engtnaadng  Oreup  Inc. 
Waahinglon  Opambons 


FINAL  PROJECT  WORK  PLAN 

eiVW<>F|:8 


2-27 


BEACH  POINT 


I  I  I  I  I  I 


'  I 

'I'l'i'i 

'I'i'i'i 

I  I  I  I 

A 

V! 


/  w 


\ 


\ 

% 


OO 

OT® 

O 

O 


cc  a 
«0 


^  (0 
T  o 


(O  \ 

ge  / 

o  ^ 

l]  1 1  Ij'  J  [«>, 

'<!  I  p  I  1  h 
xj  I  rill 

XIj  I  I  I  I 
X4s3  '  I  ' 

r  I 


lCCSW-6  //  /  CCSW-4 


Date:  10/5/93 
Page:  29  of  65 


Beach  Point  Test  Site,  APG-EA,  Maryiand 

Focused  Feasibility  Study 

Table  2-2.  Inorganic  Chemical  Data  for  Soil  Samples  Collected  in  the  Beach  Point  Area' 


-.I 

f-  : 

"KMiir. .....  ...v  - 

-if'’'  "  "  ‘ 

.  CCSL4S 

Date  Collected 

9/26/89 

9/26/89 

9/26/89 

Moisture  %  wet  wt. 

17.9 

19.7 

20.1 

Calcium 

480 

1,500 

2,700 

Magnesium 

1,200 

1,800 

1,900 

Sodium 

370 

380 

380 

Silica 

77 

76 

120 

Nitrogen,  Ammonia  +  Organic 

— 

— 

— 

Phosphorus 

— 

— 

— 

Iron 

11,000 

12,000 

10,000 

Manganese 

81 

160 

190 

Antimony 

<3.8 

<3.8 

<3.8 

Arsenic 

3.7 

3.0 

2.5 

Boron 

<33 

<33 

<33 

Cadmium 

<3.0 

<3.0 

<3.0 

Chromium 

<13 

<13 

<13 

Copper 

<59 

<59 

<39 

Lead 

81 

62 

53 

Mercury 

<.050 

<.050 

<.050 

Selenium 

<.25 

<.25 

<.25 

Zinc 

<30 

<.30 

<30 

1.  [All  units  in  micrograms  per  gram  dry  soli;  R  s  replicate  sample;  and  —  compounds  not  analyzed 
for.) 
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TABLE  2-3.  Organic  Chemical  Data  for  Soii  Samples  Collected  in  the  Canal  Creek  Area‘ 


Date  Collected 


Organic  halides,  total 


Phenols,  total 


Organic  carbon,  total 
(g/kg) 


T  rlchlorofluoromethane 


Acenaphthylene 


Anthracene 


Benzo(a)anthracene 


Benzo(b)fluoranthene 


Benzo(g,h,i)perylene 


Benzo(a)pyrene 


Chrysene 


Dibenzofuran 


Di-n-butyl  phthalate 


Fluoranthene 


Fluorene 


lndeno(1 ,2,3*c,d)pyrene 


Naphthalene 


Phenanthrene 


Pyrene 


2,2*bis(p-chlorophenyl)- 
1 ,1-dichloroethene 


PCB  1260 


CCL3F(V) 


ANAPYL(S) 


ANTRC(S) 


BAANTR(S) 


BBFANT(S) 


BQHIPY(S) 


BAPYR(S) 


CHYR(S) 


DBZFUR(S) 


DNBP{S) 


FANT(S) 


FLRENE(S) 


ICDPYR(S) 


NAP(S) 


PHANTR(S) 


PYR(S) 


PPDDE(S) 


PCB260(S) 


<.006 


<.03 


<.03 


<17 


<.21 


<.25 


<.25 


<12 


<.04 


<.06 


<.07 


<.03 


<.29 


<.04 


<.03 


<.03 


<.31 


9/26/89 

9/26/89 

9/26/89 

.46 

1.0 

.39 
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Table  2*3  (Continued) 


AIUILYSIS 

USATmMA 

CODE 

DETECTION 

.  uurr 
(m9(9) 

CCSL-4SR 

Unknown  681 

UNK681(SL) 

- - - 

.9 

— 

— 

Unknown  641 

UNK641(SL) 

— 

2 

— 

.6 

Unknown  652 

UNK652(SL) 

1 

— 

Unknown  661 

UNK661(SL) 

— 

.6 

— 

— 

Unknown  691 

UNK691(SL) 

— 

.7 

— 

— 

Unknown  577 

UNK577(SL) 

— 

1 

2 

3 

Unknown  579 

UNK579(SL) 

— 

1 

2 

3 

Unknown  630 

UNK630(SL) 

— 

.4 

— 

— 

Unknown  651 

UNK651(SL) 

— 

— 

— 

4 

1 .  [All  units  in  micrograms  per  gram  dry  soil,  unless  otherwise  noted:  R  =  replicate  sample:  (V)  = 
^quantitative  analysis  for  volatile  organics:  (S)  =  quantitative  analysis  for  semivolatile  organics:  (SL)  = 
unknown  or  tentatively  identified  organic  compounds  with  estimated  concentrations  detected  by  library 
search  (or  semivolatile  compounds:  and  —  =  compounds  not  analyzed  for.) 
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Groundwater  data  from  these  wells  are  summarized  in  Appendix  A.  Although  the  data 
represent  a  composite  of  several  sampling  events'  and  therefore  must  be  evaluated  with 
caution,  it  is  apparent  that  groundwater  quality  at  wells  33A  and  336  has  been  impacted  by 
the  presence  of  several  chlorinated  VOCs,  most  notably  1,1,2,2-tetrachloroethane  and 
trichloroethene  (ICE).  In  addition,  several  metals,  Including  zinc,  manganese,  copper, 
silver,  and  nickel,  appear  to  be  present  at  elevated  concentrations.  However,  background 
data  for  metals  in  nearby  areas  of  the  sutficial  aquifer  are  not  available  for  comparison. 

The  following  paragraphs  summarize  the  chemical  data  for  Beach  Point  groundwater: 


Metals  and  Inorganics.  As  noted  previously,  the  surficial  aquifer  at  Beach 
Point  is  high  in  TOS  and  shows  a  distinct  sodium  chloride  major-ion  chemistry 
that  indicates  its  interconnection  with  the  brackish  surface  waters  (1  to  3  salinity 
units)  at  Kings  Creek  and  the  Bush  River.  Iron  and  manganese  concentrations 
are  highly  variable  depending  upon  sampling  event  and  specific  location  within 
the  aquifer.  However,  manganese  concentrations  (as  well  as  historical  iron 
levels)  are  higher  at  wells  33A  and  33B,  indicating  low-oxygen  (i.e  ,  reducing) 
conditions  possibly  resulting  from  organic  contamination.  Other  metals  that  have 
been  detected  at  elevated  concentrations  include  zinc,  copper,  nickel,  and  silver. 
The  highest  metal  concentrations  were  observed  in  well  33B,  which  is  screened 
at  62  to  67  feet  below  ground  surface,  in  the  lower  portion  of  the  surficial 
aquifer.  Nitrate  was  also  detected  in  groundwater  at  approximately  35  ug/L. 

VOCt.  The  predominant  VOCs  present  in  groundwater  are  1,1,2,2- 
tetrachloroethane  and  TCE,  with  lower  concentrations  of  perchloroethylene 
(PCE)  also  present.  Chlorinated  VOCs  were  detected  at  highest  levels  in  wells 
33A  and  33B.  and  were  present  at  significantly  higher  concentrations  in  the 
deeper  well  (33B),  where  a  maximum  concentration  of  9480  ug/L  was  measured 
for  1,1,2,2-trichloroethane.  Other  chlorinated  VOCs  that  have  been  detected  at 
tower  levels  in  wells  33A  and  33B  include  1,1,2-trichloroethane  (112-TCA); 
chloroform;  1,1-dlchloro6thene  (11-OCE):  tran8-1,2-dlchloroethene  (T12'DCE): 
vinyl  chloride;  chlorobenzene;  and  1,3-dichlorofaenzene.  In  addition,  low  levels 
of  1,4-dlthiane  (approximately  3  ug/l)  were  detected  in  well  33B,  and  chtorotorm 
was  found  at  wells  32A  and  32B  (66  and  52  ug/L,  respectively). 


'Appendix  A  presents  comblnod  duta  from  several  sampling  rounds  of  Beach  Point  welb.  Data  (or  wells 
32A,  32B.  34A,  and  3SA  are  fmm  1 986  sampling;  date  mr  wells  33A  and  338  include  nx>r8  recent  sampling 
events  (April  and  October  1969).  Wells  32A,  32B,  34A.  and  3SA  have  no)  been  sampiad  since  1966. 
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•  SVOCs.  The  only  SVOC  detected  in  groundwater  at  Beach  Point  was  2- 
ethylhexanoic  acid,  a  tentatively  identified  compound.  This  compound  was 
detected  at  8  ug/L  in  well  33B. 

Although  the  available  groundwater  data  are  of  variable  quality  (because  of  problems  with 
detection  limits,  sample  dilutions,  and  method  blank  contamination),  several  conclusions 
can  be  drawn  regarding  potential  source  areas  and  groundwater  contamination  at  Beach 
Point.  First,  the  predominant  VOC  detected  in  groundwater  (1,1.2,2-tetrachJoroethane) 
was  known  to  have  been  used  in  the  clothing-impregnating  process,  and  it  is  suspected 
that  as  much  as  100,000  pounds  of  this  material  may  have  been  disposed  at  Beach  Point 
during  large-scale  production  activities  from  1943  through  1947.  Chlorobenzene  was  also 
known  to  have  been  used  in  clothing  impregnating.  TCE  and  PCE  are  widely  used 
solvents  and  degreasing  agents,  and  it  is  possible  that  these  substances  were  used  in 
clothing  impregnation,  pyrotechnic  testing,  or  other  operations  at  Beach  Point.  The  other 
chlorinated  VOCs  (vinyl  chloride,  OCE,  112-TCA)  are  likely  cfegradation  products  of  1, 1,2,2- 
tetrachloroethane,  TCE,  and  PCE.  Oithiane  is  an  organosulfur  compound  usually 
associated  with  the  degradation  of  mustard. 

Elevated  levels  of  Iron  and  manganese  may  be  present  as  a  result  of  dissolution  of 
naturally  occurring  iron/manganese  oxides  under  redtx:lng  (i.e..  low-oxygen)  conditions 
caused  by  organic  degradation  reactions.  However,  manganese  concentrations  (2700  ug/L 
at  well  33B)  appear  quite  high  compared  to  typical  aquifer  conditions  reported  for  the  U.S. 
(100  ug/L  average),  suggesting  that  its  presence  may  be  the  result  of  testing  or 
manufacturing  operations.  Snc  is  a  major  component  of  many  pyrotechnic  and  smoke 
mixtures  as  well  as  the  XXCC3  clothing^mpregnatlng  process;  therefore,  its  prince 
appears  site  related.  As  noted,  copper,  nickel,  and  silver  also  are  present  at  wall  336  at 
apparently  elevated  concentrations  and  are  likely  i^te-relaled,  but  definitive  Information 
linking  these  metals  to  site  operations  is  not  avaitabie. 

2-Ethyihexanoic  acid,  the  only  SVOC  detected  in  groundwater  at  Beach  Point,  may  be 
associated  with  former  rocket  fuel  toting  activities.  Hexanoic  acids,  hexanones.  and 
related  compounds  are  common  components  of  propeiiant  and  rocket  fuel  mixtures. 
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2.4.3  Surface  Water 


The  most  recent  surface  water  data  for  Beach  Point  and  the  Kings  Creek  area  were 
coiiected  during  two  rounds  of  sampiing  by  USGS  in  1988  and  1989.  These  sampling 
events  included  eight  stations  along  the  Kings  Creek  and  Bush  River  shorelines  of  Beach 
Point,  as  well  as  five  stations  in  the  upper  reaches  of  Kings  Creek.  Surface  water  samples 
collected  in  the  area  of  Beach  Point  are  depicted  on  Figure  2-7.  Surface  water  data  for  the 
Beach  Point  sampling  locations  are  presentee?  for  major  ions  and  water  quality  parameters 
(Table  2-4),  metals  and  inorganics  (Table  2-5),  and  VOCs  (Table  2-6). 


Major  ions  and  nutrients  in  surface  water  at  Beach  Point  mostly  appear  to  be  within 
expected  ranges  based  on  overall  water  quality  in  the  APG  area  (USAEHA,  1989).  Major- 
ion  chemistry  is  representative  of  a  brackish  water  system,  and  phosphorus  levels  are  well 
below  reported  concentration  in  Kings  Creek  from  the  late  1970s,  when  severe  nutrient 
overloading  problems  were  reported  (USAEHA,  1977).  However,  relatively  high  levels  of 
nitrate  (300  to  500  ug/L)  were  observed  at  all  Beach  Point  locations.  Nitrate  could 
plausibly  be  present  as  a  result  of  rocket  fuel  testing  activities  involving  red  fuming  nitric 
acid  (RFNA),  nitrogen  tetroxide,  or  other  oxidizers,  explosives,  or  propellants  containing 
nitrogen:  however,  data  from  other  sampling  stations  In  upstream  areas  of  Kings  Creek 
also  appear  elevated  (especially  at  location  CCSW-12).  It  is  possible  that  observed 
concentrations  of  nitrate  at  Beach  Point  are  at  least  partially  related  to  an  upstream  source 
within  the  Kings  Creek  drainage  basin. 


Metals  detected  at  elevated  concentrations  at  Beach  Point  Include  aluminum,  Iron, 
manganese,  cadmium,  lead,  zinc,  and  mercury.  Although  data  are  somewhat  variable 
between  1988  and  1989  sampling  events,  iron,  manganese,  and  lead  were  found  at 
elevated  concentrations  at  essentially  all  sampling  locations.  Zinc,  mercury,  and  cadmium 
were  detected  at  higher  concentrations  only  in  samples  from  the  Kings  Creek  shoreline  of 
Beajh  Point. 
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It  is  important  to  note  that  several  of  the  detected  metals  (especially  zinc,  aiuminum,  and 
iead)  are  major  components  of  many  pyrotechnic  and  smoke  mixtures.  Therefore,  their 
presence  at  elevated  concentrations  in  surface  water  may  be  related  to  past 
pyrotechnic/smoke  testing  activities  at  the  point.  Also,  as  noted  previously,  zinc  oxide  was 
a  major  component  of  the  XXCC3  clothing-impregnating  process,  and  it  is  possible  that 
some  zinc  conta.viination  in  surface  water  may  have  resulted  from  this  operation.^ 

As  presented  in  Table  2-6,  numerous  VOC  compounds  were  detected  at  low  levels 
(approximately  10  to  70  ug/L)  in  several  surface  water  samples  collected  in  September 
1 989.  VOCs  were  detected  primariiy  at  locations  CCSW-5  (on  the  Bush  River  shoreline) 
and  CCSW-7  (on  the  Kings  Creek  shoreline).  Predominant  contaminants  included  1, 1,2,2- 
tetrachlorethane,  TCE,  and  PCE.  However,  detectable  levels  of  many  other  chlorinated 
VOCs  were  also  found,  including  11-DCE,  TCFM,  chloroform,  and  carbon  tetrachloride. 
Aromatic  VOCs,  including  ethylbenzene  and  toluene,  were  also  detected.  An  earlier 
sampling  round  conducted  by  USGS  in  September  1968  detected  no  VOC  contamination  in 
•  surface  water  at  Beach  Point  with  the  exception  of  10  ug/L  of  1 ,1 ,2,2-tetrachloroethane  at 

sampling  station  CCSW-3,  located  on  the  Bush  River.  SVOCs  were  analyzed  in  selected 
samples  from  both  1988  and  1989  sampling  events  but  were  not  detected,  with  the 
exception  of  very  low  levels  of  tentatively  identified  compounds  related  to  hexanoic  acid. 

VOCs  such  as  l,l,2,2>tetrachloroethane  and  PCE  were  known  to  have  been  associated 
with  clothing-impregnating  operations,  and  it  is  possible  that  other  solvents  such  as  TCE. 
OCE,  chloroform,  and  carbon  tetrachloride  may  also  have  been  used  on  an  experimental  or 
pilot-scale  basis.  Many  of  the  chlorinated  VOCS  that  were  detected  in  the  1989  sampling 
event  may  also  be  present  as  a  result  of  degradation  reactions  involving  the  more  highly 
chlorinated  compounds  (e.g.,  vinyl  chtorido  may  be  present  resulting  from  the  degradation 
of  PCE,  TCE,  or  OCE).  In  addition,  several  of  these  compounds  have  been  identified  in 


‘Raconts  indiula  thal  aclivitiaa  on  Baach  Pcini  primary  invotvM  iha  CC2  doiningimiKtgmiting  procasa  (USAEHA.  1869}.  bul 
it  Is  poasibla  ituu  soma  pilol-scala  tasting  or  tuH<tcala  production  worti  involving  tha  XXCC3  procass  was  also  padormad. 
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groundwater  at  Beach  Point.  Thus,  these  compounds  appear  to  be  site-related.  Because 
of  the  differences  between  the  1988  and  1989  sampling  efforts,  particularly  with  regard  to 
the  VOCs,  the  data  from  those  efforts  must  be  treated  with  caution.  Laboratory 
contamination  or  analytical  problems  might  also  explain  the  presence  of  these  compounds. 

Background  data  for  VOCs  from  other  sampling  locations  within  Kings  Creek  are  available. 
However,  no  VOCS  were  detected  at  any  upstream  stations  with  the  exception  of 
chloroform  at  CCSW-10  (58  ug/L).  Because  VOCs  typically  persist  in  surface  water  for 
only  a  short  time  period  because  of  volatilization,  they  are  likely  to  be  present  only  in  the 
immediate  vicinity  of  source  areas  (e.g.,  groundwater  plumes).  Thus,  background  data  for 
VOCs  is  not  as  significant  as  for  the  previously  discussed  metals  and  inorganic 
compounds. 

Table  2-7  presents  the  current  chemicals  of  concern  (COCs)  for  the  Beach  Point  Test  Site. 

2.5  CONCEPTUAL  SITE  MODEL 

The  scope  of  this  task  addresses  only  groundwater  and  sediments  which  are  the  major 
pathways  of  concern  for  the  Beach  Point  site  (see  Figures  2-9  and  2-10).  The  primary 
release  mechanism  for  the  Beach  Point  site  Is  Infiltration  and  percolation  of  contaminants 
through  subsurface  soil.  This  release  mechanism  allows  contaminants  to  migrate  either 
vertically  and/or  horizontally  through  subsurface  soil  eventually  reaching  groundwater 
and/or  surface  water/sediments.  Storm  water  runoff  and  dust/volatite  enrisslon  release 
mechanisms  transport  contaminants  present  In  the  surface  soil  to  either  air  or  surface 
water  bodies.  Although  the  scope  of  this  work  addresses  only  aquatic  biota  receptors,  a 
qualitative  risk  assessment  for  human  receptors  will  be  done  for  limited  scenarios  and 
oathways. 
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Table  2-7.  Chemical  of  Concern  at  Beach  Point: 
Maximum  Detected  Surface  Water  Concentrations 
and  Fresh  Water  Aquatic  Toxicity  Criteria 


Chemical 

Miidmam' 
DetietMl 
Cwfioa  Water 
Concentraaon 
(M/L) 

Acuta 

Toiddty 

Vtilua 

(M 

Chronic 
Tmdcity  Valtiav 
(lig/L) 

Toxicity  Values 
Exceeded 

1 ,1 ,2,2-Tetrachloroethane 

10 

9300’ 

6900* 

None 

Trichloroethene 

37 

18,000' 

None 

Aluminum 

3300 

750‘ 

87® 

Acute  and  Chronic 

Cadmium 

6.7 

3.9" 

1.1" 

Acute  and  Chronic 

Lead 

13 

83" 

3.2" 

Chronic 

Mercury 

2.2 

2.4" 

0.012 

(AWQC)" 

0.26  (LOEC)‘ 

Chronic 

Nitrate 

800 

- 

90,000® 

None 

Zinc 

182 

120* 

110* 

Acute  and  Chronic 
. . . 

'46-hour  LC50  in  Daphnia  (LeBlanc  1980) 

’2e-day  LOEC  (lowest  observed  effect  concentration]  In  Daphnia  (AQUIRE  1990)  I 

^AWQC  [Ambient  water  quality  criteria]  (EPA  1988a) 

"AWQC  (1986) 

‘Chronic  LOEC  (EPA  1986) 

‘Estimated  protective  concentration  (EPA  1986) 
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The  Data  Quality  Objectives  (DQO)  process  is  a  Total  Quality  Management  tool  developed 
by  EPA  to  facilitate  the  planning  of  data  collection  activities.  The  DQO  process  used  here 
will  focus  data  collection  activities  to  ensure  that  results  from  the  FFS  produce  the  right 
type  and  quality  of  information.  By  following  the  DQO  process,  it  will  be  possible  to  reduce 
the  overall  costs  of  sampling  and  analytical  activities  and  accelerate  project  planning  and 
implementation.  The  DQO  process  includes  the  following  steps: 


•  Stating  the  problem  to  be  resolved, 

•  identifying  the  decision  to  be  made, 

•  Identifying  inputs  to  the  decision, 

•  Defining  the  boundaries  of  the  study, 

•  Developing  decision  rules, 

•  Specifying  limits  on  uncertainty,  and 

•  Optimizing  design  for  obtaining  data. 

The  DQO  process  allows  data  users  to  evaluate  the  potential  consequences  of  uncertainty 
before  the  data  is  collected,  and  to  specify  limits  on  the  amount  of  uncertainty  that  can  be 
tolerated  in  the  decision  that  will  be  based  on  the  study  results.  The  DQO  process  is 
dynamic  and  the  decisions,  inputs,  boundaries  and  uncertainty  limits  may  be  modified  as 
the  Investigation  proceeds. 


This  work  plan  has  been  designed  to  address  the  seven  steps  of  the  DOO  process.  The 
ol^ive  of  the  FFS  is  to  assess  potential  environmental  risks,  evaluate  contaminant 
remediation  aitemaiives,  and  provide  a  basis  to  select  a  cost  effective  remedial  action. 
The  site  investigation  will  focus  on  potential  risk  to  biological  receptors  from  known 
contaminants  in  Kings  Creek  and  Bustr  River,  evaluate  the  fate  and  transport  of 
contamination  attributable  to  the  site,  and  determine  source  areas  of  ccmtamination.  For 
example,  the  degree  to  which  groundwater  contamination  impacts  surface  water  and 
sediments  will  be  assessed. 
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This  data  will  be  utilized  to  develop  the  ecological  risk  assessment  and  provide  iriput  for 
selection  of  possible  remedial  attematives.  Analytical  data  quality  levels  appropriate  to 
these  objectives  will  be  specified.  During  the  planning  phase  of  the  FFS,  existing 
information  for  each  potential  source  area  or  groundwater  volume  that  has  been  identified 
for  remediation  will  be  evaluated  in  terms  of  potential  remedial  actions  and  cleanup  levels 
on  the  basis  of  potential  risks  and  ARARs.  Data  for  each  source  area  will  be  assessed  to 
determine  if  they  are  sufficient  to  evaluate  remedial  alternatives  and  prepare  accurate  risk 
estimates.  If  existing  data  are  not  sufficient,  data  collection  activities  to  address  data  gaps 
will  be  planned. 

The  current  investigation  will  be  conducted  using  a  phased  approach.  In  th-e  initial  phase 
of  the  FFS,  source  areas  will  be  identified,  the  extent  to  which  the  ecology  of  Beach  Point 
is  effected  from  contaminants  will  be  defined,  and  background  levels  in  the  Beach  Point 
Test  Site  will  be  established.  The  scope  of  the  subsequent  phases  of  the  investigation  wilt 
include  collection  of  additional  data  for  characterization  of  chemistry  and  geometry  of 
groundwater  contamiiration  and  an  evaluation  of  engineering  alternatives  that  may  be 
applied  to  remediate  contanmnt  sources  or  contaminated  groundwater. 

2.6.1  OataUm 

2.6.1 .1  Stta  Characterlialtoh.  Data  wilt  be  collected  to  determine  the  nature  and 
extent  ci  -contamination  at  the  site.  Site  characterization  usuaily  requires  the  most 
data  collection.  Site  dmracterlzatton  data  are  generated  through  me  sampling  and 
ar^alysis  of  waste  sources  and  environmerdai  media.  wtii  be  coUected  to 
determine  the  presence  or  absence  of  con*ftminar<ts  above  b^ground 
concentralic>ns  in  groundwater,  soil,  soil  gas,  sediment,  nnd  sediment  porewater  at 
the  site.  The  specific  data  quality  objectives  for  field  activities  to  tudher  characterize 
the  site  are  presented  in  Table  2*8.  DQO  are  also  iiddressed  in  Section  4.0  of  the 
Quality  Assufanca/Quatity  Control  Ptan. 
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2.6.1 .2  Ecological  Risk  Assessment  and  ARAB  Evaluation.  Data  will  be 
collected  in  support  of  an  ecological  risk  assessment  that  will  be  prepared  by 
UM/ICF  in  accordance  with  ERA  Risk  Assessment  Guidance.  Preliminary  cleanup 
levels  for  contaminants  in  soil,  soil  gas,  sediment  porewater,  sediment  and 
groundwater  will  be  developed  in  part  from  the  risk  assessment  results.  Potential 
receptors  and  exposure  pathways  will  be  evaluated. 

Contaminant  concentrations  in  all  media  will  be  evaluated  in  terms  of  ARARs.  All 
promulgated  requirements  that  affect  contaminants  and  remedial  activities  will  be 
evaluated.  When  preliminary  cleanup  levels  for  media  have  been  identified,  remedial 
alternatives  that  will  attain  the  cleanup  levels  will  be  selected  and  evaluated. 
Background  information  and  site  specific  data  concerning  bioavailability  and  mobility; 
and  physical  characteristics  such  as  pH,  oil  and  grease,  and  total  organic  carbon  that 
impact  toxicity  and  mobility  will  be  utilized. 

2.6.1. 3  Remedial  Aitematives.  Specific  data  requirements  for  the  development  of 
remedial  alternatives  include  determination  of  the  volumes  or  areas  of  waste  or 
media  that  must  be  addressed,  the  chemical>specific  information  on  waste 
constituents,  and  information  necessary  to  identity  those  remedial  action  alternatives 
that  would  be  effective  for  the  contaminants  and  media  of  concern.  Treatability 
studies  are  conducted  to  provide  sufficient  data  to  allow  treatment  alternatives  to  be 
fully  developed  and  evaluated  and  to  reduce  the  cost  and  performance  uncertainties 
for  treatment  aitematives  to  acceptable  levels.  A  data  gathering  procedure  closely 
related  to  treatability  studies  is  aquifer  testing.  To  evaluate  the  velocity  of 
contaminant  migration  and  to  determine  the  design  of  remedial  action,  aquifer 
testing  may  be  required. 

2.6.2  Analytical  Data  Quality  Levels 

The  following  are  associated  analytical  data  quality  levels  and  broad  use  categories; 

•  Level  I  (Field  Screening)  •  Provides  the  lowest  quality  data  but  with  Immediate 
field  results.  Results  are  often  not  compound  specific  and  results  are  typically 
qualitative.  Data  uses  for  Level  I  data  include: 
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—site  characterization 

—monitoring 

—implementation 

•  Level  II  (Field  Analysis)  -  Provides  a  tentative  identification  of  compounds 
through  analyte  specific  analysis.  Yields  immediate  field  results  with  more 
sophisticated  equipment  than  Level  I.  Data  generated  may  have  highly  variable 
quality.  Acceptable  uses  of  Level  II  data  include: 

—site  characterization 
—evaluation  of  alternatives 
—engineering  design 
—monitoring  during  implementation 

•  Level  III  (Non-CLP  Methods/RCRA  Characteristic  Testing)  -  Provides  analyte 
specific  analytical  results.  Data  is  often  comparable  to  Level  IV  (CLP)  data. 
Laboratory  QA/QC  may  be  less  vigorous  than  Level  IV.  Acceptable  uses  of 
Level  III  data  include: 

—risk  assessment 
—site  characterization 
—evaluation  of  alternatives 
—engineering  design 
—monitoring  during  implementation 

•  Level  IV  ( CLP  analytical  methods)  •  Provides  data  of  known  quality  using  CLP 
methods,  rigorous  QA/QC,  and  data  validation.  Data  is  used  for: 

—risk  assessment, 

—engineering  design 
—evaluation  of  alternatives. 

•  Level  V  (Modified  Analytical  methods)  •  Provides  data  of  known  quality  using 
modified  methods,  or  analysts  for  nonconventional  parameters.  Data  is  used 
for: 

-risk  assessment. 


2.6.3  Data  Quality  Indicators  (DQIa) 

Data  quality  is  defined  as  the  degree  of  uncertainty  with  respect  to  precision,  accuracy, 
representativeness,  completeness,  and  comparability  of  a  data  set.  These  characteristics 
will  be  used  to  develop  sampling  protocols  and  identify  applicable  documentation,  sample 
handling  procedures,  and  measurement  system  procedures.  These  objectives  are 
established  based  on  site  conditions,  objectives  of  the  project,  and  knowledge  of  available 
measurement  systems.  LfSATHAMA  sets  minimum  data  quality  standards  for  analytical 
methods  which  will  be  followed. 


m 


Jacobs  Engineering  Group  Inc. 
Washington  Operations 


FINAL  PROJECT  WORK  PLAN 

BPPVff.re 


2-53 


I 


Date:  10/5/93 
Page;  54  of  65 

Beach  Point  Test  Site,  APG-EA,  Maryiand 

Focused  Feasibility  Study 

Precision  —  Precision  is  a  measure  of  how  well  repeated  measurements  of  the  same 
parameter  on  the  same  sample  or  a  duplicate  sampie  agree  with  one  another.  Precision 
will  be  measured  by  the  relative  percent  difference  between  duplicate  sampies.  Precision 
limits  are  specified  by  USATHAMA  for  specific  analytes  and  methods. 

Accuracy  —  Accuracy  is  a  measure  of  the  degree  that  a  sampling  protocol  can  produce 
analytical  results  which  match  known  standards.  Accuracy  wilt  be  measured  against  the 
percent  recovery  of  an  analyte.  Accuracy  limits  are  specified  by  USATHAMA  for  specific 
analytes  and  methods. 

Representativeness  —  Measurements  will  be  made  to  ensure  that  results  are 
representative  of  the  media.  Sampling  and  sample  handling  protocols  will  be  developed  to 
protect  the  representativeness  of  the  collected  samples. 

Completeness  —  Completeness  is  the  amount  of  valid  data  obtained  compared  to  the 
amount  of  data  collected. 

Comparability  —  The  characteristic  of  comparability  reflects  both  internal  consistency  of 
data  and  consistency  of  data  to  previously  collected  information. 

DQIs  are  discussed  in  greater  detail  in  Section  4.2  of  the  Quality  Assurance/Quality  Control 
Plan. 

2.6.4  Specifying  Limits  of  Uncertainty  and  Optimizing  Design  for  Obtaining  Data 

Limits  on  uncertainty  will  be  based  on  careful  consideration  of  the  consequences  of 
incorrect  conclusions  during  design  of  the  field  sampling  and  quality  assurance  plans. 
Statistical  methodology  will  be  utilized  to  establish  an  acceptable  probability  for  decision 
errors,  i.e.  false  positives  or  false  negatives.  Based  on  the  acceptable  level  of  uncertainty, 
the  field  sampling  effort  will  utilize  the  most  cost  effective  design  to  achieve  project  goals. 
Table  2-8,  illustrates  the  type  of  information  which  will  be  included  during  planning  of  field 
sampling  activities  at  each  suspected  source  area  and  at  sites  requiring  remediation. 
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2.7  APPLICABLE  OR  RELEVANT  AND  APPROPRIATE  REQUIREMENTS  (ARARs) 

The  Superfund  Amendments  and  Reauthorization  Act  of  1986  (SARA)  amended  the 
Comprehensive  Environmental  Response,  Compensation  and  Liability  Act  of  1980 
(CERCLA).  Prior  to  the  SARA  amendments,  CERCLA  on-site  actions  were  not  required  to 
be  in  compliance  with  other  laws  although  other  federal  environmental  laws  were  required 
to  be  considered  in  the  remedial  alternative  selection  process.  The  National  Oil  and 
Hazardous  Substance  Contingency  Plan  (NCP)  was  created  to  effectuate  the  response 
powers  of  CERCLA.  The  United  States  Environmental  Protection  Agency  (EPA)  stated  in 
NCP  Section  300.68(i)(1)  that  CERCLA  response  actions  would  attain  or  exceed  applicable 
or  relevant  and  appropriate  environmental  and  public  health  standards  unless  one  of  five 
specifically  enumerated  situations  were  present.  CERCLA  Section  121  requires  all 
applicable,  relevant  and  appropriate  federal  standards  and  any  more  stringent  state 
standards  to  be  considered  for  all  on-site  remedial  actions  initiated  by  the  EPA  or 
performed  under  EPA  guidance. 

^  2.7.1  Purpose 

A  preliminary  identification  and  screening  of  federal  and  state  environmental  regulatory 
requirements  that  may  be  applicable  or  relevant  and  appropriate  to  potential  remedial 
actions  that  may  be  conducted  at  the  Beach  Point  site  is  presented  to  assist  in  the 
selection  and  Implementation  of  an  appropriate  remedial  methodology  tor  the  site. 

CERCLA  Section  121(d)  lists  specific  federal  environmental  laws  that  must  be  considered 
as  part  of  an  applicable,  or  relevant  and  appropriate  requirements  (ARARs)  analysis.  This 
list  includes. 

•  Toxic  Substances  Control  Act  (TSCA). 

•  Safe  Drinking  Water  Act  (SDWA). 

•  Clean  Air  Act  (CAA). 

•  Clean  Water  Act  (CWA). 

•  Marine  Protection,  Research  and  Sanctuaries  Act  (MPRSA). 

•  Solid  Waste  Disposal  Act  (SWDA)/Resource  Consen/ation  and  Recovery  Act 
(RCRA). 
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Section  121(d)  also  states  that  remedial  actions  must  meet  the  applicable  or  relevant  and 
appropriate  requirements  of  any  promulgated  standard,  requirement,  criteria,  or  limitation 
under  a  state  environmental  or  facility-siting  law  that  is  more  stringent  than  any  federai 
standard,  requirement,  criteria,  or  limitation.  Criteria,  advisories,  and  guidances  that  are 
not  law  may  be  used  to  ensure  protectiveness  of  human  health  or  the  environment  in  the 
absence  of  ARARs,  or  when  ARARs  are  not  sufficient  to  accomplish  this.  These  criteria, 
advisories,  and  guidances  fall  in  the  1o  be  considered*  (TBC)  category  and  can  be  used  to 
ensure  protection. 

Applicable  or  relevant  and  appropriate  requirements  are  defined  as: 

"Applicable  requirements  are  those  clean-up  standards  of  control,  and  other 
substantive  environmental  protection  requirements,  criteria,  or  limitations 
promulgated  under  Federal  or  State  law  that  specifically  address  a  hazardous 
substance,  pollutant,  contaminant,  remedial  action,  location,  or  other  circumstance  at 
a  CERCLA  site." 

‘Relevant  and  appropriate  re<iuirements  are  those  clean-up  standards,  standards  of 
control,  and  other  substantive  environmental  protection  requirements,  criteria,  or 
limitations  promulgated  under  Federal  or  State  law  that,  while  not  "applicable"  to  a 
hazardous  substance,  pollutant,  contaminant,  remedial  action,  location,  or  other 
circumstance  at  a  CERCLA  site,  address  problems  or  situations  sufficiently  similar  to 
those  encountered  at  the  CERCLA  site  that  their  use  is  well  suited  to  the  particular 
site."  (ERA,  1988) 

It  should  be  noted  that: 

"a  requirement  that  is  judged  to  be  relevant  and  appropriate  must  be  complied  with 
to  the  same  degree  as  if  it  were  applicable."  (EPA,  1988) 
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Other  non-promulgated  advisories  or  guidance  issued  by  State  or  Federal  governments  are 
not  legally  binding  and  do  not  have  the  legal  status  of  potential  ARARs.  These  “to-be- 
considered"  (TBC)  requirements  will  be  evaluated  along  with  ARARs  in  determining  site 
risks. 

The  identification  and  screening  of  ARARs  for  a  site  is  best  achieved  by  examining  the 
body  of  Federal,  State,  and  local  environmental  laws,  regulations,  standards,  etc.  relative  to 
three  general  categories: 

•  Chemical-specific  ARARs  -  health  or  environmentally  based  numerical  values 
limiting  the  amount  of  a  contaminant  that  may  be  released  to,  or  allowed  to 
remain  in  the  environment.  These  include,  for  example,  maximum  contaminant 
levels  (MCLs)  established  under  the  Safe  Drinking  Water  Act. 

•  Location-specific  ARARs  •  are  those  requirements  that  may  restrict  remedial 
action  because  a  site  is  in  a  special  location  such  as  an  urban  setting,  a 
floodplain,  wetland,  or  historical  area. 

•  Action-specific  ARARs  •  technology  or  activity  based  requirements  that  may 
include,  for  example.  National  Pollutant  Discharge  Elimination  System  (NPDES) 
effluent  standards  or  incinerator  contaminant  destruction  standards. 

2.7,2  Chemicai*Specifio  ARARs  and  TBCt 

"Chemical-specific  ARARs  are  usually  health-  or  risk-based  numerical  values  or 
methodologies  which  when  applied  to  site  specific  conditions,  result  In  establishment  of 
numerical  value.  These  values  establish  the  acceptable  amount  or  concentration  of  a 
chemical  that  may  be  found  In,  or  discharged  to.  the  ambient  environment"  (ERA.  1968). 

The  media  of  potential  concern  at  the  site  include  groundwater,  sediment  and  soil.  Based 
on  previous  site  investigations  (USGS  1986  to  1989;  ICF;  Oarda  and  others,  1991),  the 
potential  contaminants  of  concern  at  the  site  Include: 

•  1,1,2,2-letrachloroethane  (1.1.2.2-TCA) 

•  trlchloroethene  (TCE) 

•  aluminum 
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•  cadmium 

•  lead 

•  mercury 

•  nitrate 

•  zinc 

The  following  are  common  chemical-specific  standards  or  references  that  are  used  to 
establish  chemical-specific  ARARs.  Potential  chemical  specific  ARARs  for  these 
contaminants  of  concern  are  presented  in  Tables  2-9  and  2-10. 


•  Federal  Safe  Drinking  Water  Act  Maximum  Contaminant  Levels.  Maximum 
contaminant  levels  (MCLs)  for  toxic  compounds  have  been  established  under 
the  Safe  Drinking  Water  Act  (SDWA).  MCLs  are  enforceable  standards  tor 
public  drinking  water  systerhs  that  are  set  as  dose  to  MCL  goals  as  feasible 
when  considering  the  best  available  technology  and  treatment  techniques. 

MCLs  have  been  established  for  mercury,  nitrates,  lead,  cadmium,  and  TCE. 

The  contaminated  aquifer  is  classified  as  brackish  and  is  not  used  as  a  drinking 
water  source;  therefore  the  SDWA  MCLs  are  probably  neither  applicable  or 
relevant  and  appropriate. 

•  Clean  Air  Act  National  Primary^econdary  Ambient  Air  Quality  Standards 
(NAAQS)  and  National  Emission  Standards  for  Hazardous  Air  Pollutants 
(NESHAPs). 

•  Resource  Conservation  and  Recovery  Act  (RCRA)  regulations. 

•  Federal  Ambient  Water  Quality  Criteria  (AWQC)  are  non-entorceabie  guidelines 
that  set  concentrations  of  pollutants  that  may  be  relevant  and  appropriate 
depending  on  the  uses  of  the  surface  water  body,  the  media  affect^,  purposes 
of  the  criteria  and  current  infomuitlon. 

•  Federal  Regulatory  Standards  EPA  Risk  Reference  Doses  and  EPA  Carcinogen 
Assessment  Croup  (CAQ)  Potency  Foctors  are  used  to  characterize  current  and 
potential  site  ri^. 

•  Maryland  Drinking  Water  Law  (ACOM,  Env.  Article,  Title  9).  The  purpose  of  this 
regulation  is  to  establish  that  the  state  has  primary  enforcement  responsibility  for 
drinking  water  standards  under  the  federal  SDWA.  Again,  drinking  water 
standards  are  not  applicable  or  appropriate  and  relevant  tn  this  case. 
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Table  2-9.  Chemical-Specific  ARARs  for  Protection  of  Aquatic  Life 
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Table  2*10.  Chemical-Specific  ARARe  for  Protection  of  Human  Health 
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•  Maryland  Air  Quality  Control  Act  (ACOM,  EA,  Title  2  chapter  240  and 
amendments).  The  purpose  of  this  act  is  "to  maintain  the  degree  of  purity  of  the 
air  necessary  to  protect  the  health,  the  general  welfare,  and  property  of  the 
people  of  the  state."  It  includes  “regulations  that  require  a  permit  or  registration 
before  a  person  constmcts,  modifies  or  uses  a  source  that  may  cause  or  control 
emissions  in  the  air". 

•  Maryland  Hazardous  Waste  Regulations  concern  the  disposal  of  controlled 
hazardous  substances  and  the  impact  of  groundwater  quality  on  wildlife  crops 
and  vegetation.  They  also  protect  against  potential  adverse  effects  on  surface 
water  that  is  hydraulically  connected  to  groundwater. 

•  Maryland  Environmental  Service  Act  of  1970  (ACOM  Natural  resource  Article. 
Title  3).  The  act  is  designed  to  “assist  with  the  presen/ation,  improvement  and 
management  of  the  quality  of  air,  land,  and  water  resources...  and  to  provide  for 
dependable,  effective,  and  efficient  water  supply  and  purification  and  disposal  of 
liquid  and  soil  wastes  and  to  encourage  reduction  in  the  amount  of  waste 
generated  and  discharged  to  the  environment." 

•  Maryland  Water  Pollution  Control  Law  (ACOM,  EA.  Title  9.  Chapter  240  and 
amendments).  The  purpose  of  the  law  is  “to  establish  effective  programs  and  to 
provide  additional  and  cumulative  remedies  to  prevent,  abate,  and  control 
pollution  of  the  waters  of  the  state*.  This  includes  maximum  permissible  long 
term  and  shod  term  corKentration  of  pollutants  in  water  and  issuarrce  of 
discharge  permits. 


2.7,3  UKuOUMHHMClfic  ARABt 

Restrictions  placed  on  the  conoentration  of  hazardous  substances  or  the  conduct  of 
activities  because  they  are  in  specific  locations  are  localion«specitic  ARARs.  Some 
sensitive  locations  for  which  tirere  are  ARARs  include  ftoodplains.  wetlands,  historic  places, 
and  sensitive  ecosystems  and  habitats. 


“A  site's  location  is  a  fundamental  determinanl  of  its  Impact  on  human  health  and  the 
environment.  Location-specific  ARARs  are  restrictiorts  placed  on  concenirations  of 
hazardous  substances  or  the  conduct  of  activities  soiety  because  they  are  in  spcK^fic 
locations.*  (EPA.  1998) 
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The  following  are  location-specific  standards  or  references  that  are  used  to  establish 
location-specific  ARARs: 

•  National  Historic  Preservation  Act. 

•  Archaeological  and  Historic  Preservation  Act. 

•  Historic  Sites,  Buildings  and  Antiquities  Act. 

•  Fish  and  Wildlife  Coordination  Act. 

•  Endangered  Species  Act. 

•  Coastal  Zone  Management  Act. 

•  Wild  and  Scenic  Rivers  Act. 

•  Clean  Water  Act. 

•  Antidegradation  Policy. 

•  Rivers  and  Harbor  Act  of  1899. 

•  Maryland  Wetland  Regulations 

•  Maryland  Coastal  FadlrUes  Review  Act  and  Rules 

•  Maryland  Vi^otiands  Law 

•  Marylstvi  Hazardous  Waste  Facilities  Siting  Rules 
»  Maryland  Hazardous  Waste  Facility  Siting  Law 

•  Maryland  Substance  Spill  Response  Law 

«  Maryisr;d  Solid  Wa^e  Management  Regulations 

Maryland  Hazardous  Waste  Regulations 

•  Maryland  Regulations  reflecting  Chesapeake  Bay  Crltinal  Area  Commission 
Criteria  for  Local  Critical  Area  Program  Development 

•  Maryland  Threatened  and  Endangered  Species 

•  Maryiand  Water  Appropriation  or  Use 

2.7.4  AcUon-apeeitle  ARARa 

Acfion-spedfic  ARARs  are  technology  or  adivity  based  requirements  or  actions  taken  with 
respect  to  hazardous  wastes.  Action'Speciftc  ARARs  do  not  determine  the  remedial 
alternative  but  indicate  how  a  selected  alternative  must  be  achieved.  Acdion-specific 
ARABS  may  establish  pertormance  levels,  actions  or  technologtes  as  well  as  specilic  levels 
for  discharged  or  residua)  contaminants. 
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"Action-specific  ARARs  are  usually  technology-  or  activity-based  requirements  or 
limitations  on  actions  taken  with  respect  to  hazardous  wastes.  These  requirements 
are  triggered  by  the  particular  remedial  activities  that  are  selected  to  accomplish  a 
remedy."  (EPA,  1988) 


The  foliowing  are  action-specific  standards  or  references  that  are  used  to  establish  action- 
specific  ARARs: 


•  Solid  Waste  Disposal  Act. 

•  Resource  Conservation  and  Recovery  Act/Land  Disposal  Restrictions,  Minimum 
Technology  Requirements,  Land  Treatment  Requirements.  TCLP.  To  determine 
the  applicability  of  RCRA  requirements,  the  definition  of  solid  and  hazardous 
waste,  the  types  of  activities  covered  and  time  periods  covered  should  be 
anal^ed.  In  general.  Subtitle  C  requirements  are  applicable  if; 

(1)  the  waste  is  a  listed  or  characteristic  waste  under  RCRA,  and 

(2)  the  waste  was  treated,  stored,  or  di^aosed  after  the  effective  date  of  RCRA 
requirements,  or 

(3)  the  activity  at  the  CERCLA  site  constitutes  treatment,  storage  or  disposa)  as 
defined  by  RCRA. 

«  Hazardous  Materials  Transportation  Act.  Department  of  Transportation  (DOT) 
Regulations  for  Hazardous  Material  Transport.  DOT  Regulations  for  hai^rdous 
waste  transport  will  apply  for  off  site  tran8|x)rt  of  such  waMes. 

•  Occupational  Safety  and  Health  Administration  (OSHA).  Federal  OSHA 
requirements  that  regulate  worker  safety  and  employee  records  will  be 
ap^icable  during  all  site  activities. 

•  Marine  Protection,  Research  and  Sanctuaries  Act 

•  Clean  Air  Act.  National  Emission  Standards  tor  Hai»rdous  Air  Pc^utants 

•  Hazardous  Waste  Permit  Program 

•  National  Pollutant  Discharge  Elimination  System  Program 

•  Marytand  Wastewater  Treatment  Law.  This  law  covers  discharge  to  vtaters  of 
the  state  including  surface  and  underground  waters  of  Chesapeake  Bay.  the 
Altantic  Ocean,  ponds,  lakes,  rivers  and  streams. 

•  Marytand  Ws3i  Construction  Regutationd 

•  Maiyiiend  Solid  Wasis  Maivigement  Regulations 

•  Maryland  Board  of  Watt  Oriiiers  Regulations 


aJdfCdbsSnQiimilng  Gioufi  litt!. 
WuNnfMOitmdaoM 


FINAL  l»liaiECT  WORK  RUN 

•mu*#! 


2-63 


Section;  2 
Revision  No.;  0 
Date;  10/5/93 
Page;  64  of  65 


_ Beach  Point  Test  Site,  APG-EA,  Maryland 

Focused  Feasibility  Study 

•  Maryland  Erosion  and  Sediment  Control  Regulations 

•  Maryland  Storm  Water  Management  Regulations 

•  Maryland  Oil  Pollution  Regulations 

2.7.5  Other  Potential  Requirunents 

2.7.5.1  Superfund  Offsite  Policy.  The  Federal  Register  dated  November  5, 1985 
mandates  that  selection  of  an  appropriate  facility  for  offsite  management  of 
hazardous  substances  from  CERCLA  response  actions,  meet  the  foliowing 
requirements: 


•  The  hazardous  waste  management  facility  must  have  applicable  RCRA  permit  or 
interim  status. 

•  A  RCRA  compliance  inspection  must  be  performed  not  more  than  six  months 
prior  to  the  hazardous  waste  management  facility’s  receipt  of  hazardous 
substances, 

•  If  land  disposal  of  the  hazardous  substance  occurs,  the  landfill  or  suiface 
impoundment  must  meet  the  minimum  technology  requirements  of  a  double  iiner 
and  a  leachate  collection  system. 

•  if  tend  disposal  is  proposed  at  a  facility  with  interim  status,  adequate 
groundwater  .nnonitoring  data  are  required  to  identify  whether  or  not 
contamination  exists. 

•  The  hazardous  waste  msnegement  facility  must  be  tree  of  significant  RCRA 
violations  or  adverse  en^ronmental  Impacts  unless  the  owner/operator  has 
committed  to  correctirig  the  problems  through  an  enforceable  agreement  that 
disposal  will  occur  only  within  a  riow  or  existing  unit  ttiat  Is  in  compitence  with 
RCRA  requirements  and  is  not  contr^ing  to  the  adverse  conditions  at  the 
facility. 

Finally,  it  is  noted  that  a  remedial  action  may  be  selected  that  does  not  meet  ARARs 

according  to  CERCIA  Section  121(dK4)  if: 

(a)  hhe  remedtei  «»ion  si^ed  is  only  part  of  a  total  remedial  adlon  that  will  attain 
such  level  or  standard  of  control  when  completed*; 

(b)  ‘compliance  with  such  requirements  at  the  facility  will  resuH  in  greater  risk  to  human 
health  and  the  environment  than  alternative  options*; 

(c)  *compHance  with  such  .'equirements  b  technically  impracticabte  from  an  uigineering 
perspective*: 
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(d)  ‘the  remedial  action  selected  will  attain  a  standard  of  performance  that  is  equivalent  ^ 

to  that  required  under  the  othenwise  applicable  standard,  requirement,  criteria,  or 

limitation,  through  use  of  another  method  or  approach'; 

(e)  "with  respect  to  a  State  standard,  requirements,  criteria,  or  limitation,  the  State  has 
not  consistently  applied  (or  demonstrated  the  intention  to  consistently  apply)  the 

standard,  requirement,  criteria,  or  limitation  in  similar  circumstances  at  other  remedial  I 

actions  with  the  State";  or 

(f)  "in  case  of  a  remedial  action  to  be  undertaken  solely  under  section  104  (42  USC 
9604)  using  the  Fund,  selection  of  a  remedial  action  that  attains  such  level  or 
standard  of  control  will  not  provide  a  balance  between  the  need  for  protection  of 
public  health  and  welfare  and  the  environment  at  the  facility  under  consideration,  and 

the  availability  of  amounts  from  the  Fund  to  respond  to  other  sites  which  present  a  i 

threat  to  public  health  or  welfare  or  the  environment,  taking  into  consideration  the 
relative  immediacy  of  such  threats..." 
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3.1  SITE  OBJECTIVES 

The  Beach  Point  Focused  Feasibility  Study  will  be  conducted  in  a  three  phase  approach 
that  is  comprised  of  the  phases  listed  below. 

t 

•  Phase  I;  Evaluate  potential  on-sIte  sources,  define  morphology  and  limited  flow 

patterns  of  the  surficial  aquifer  (JEG)  and  perform  biological 

assessments  (UM)  and  a  risk  assessment  at  Beach  Point  (ICF). 

•  Phase  il:  Evaluate  and  define  the  lateral  extent  of  the  DNAPL  plume  that  exists 

and  establish  flow  patterns  above  the  clay  aquitard  at  Beach  Point. 

•  Phase  III:  Evaluate  treatment  options  as  each  applies  to  the  site  conditions  at 

Beach  Point. 

A  flow  diagram  detailing  the  phases  and  integration  of  the  activities  is  found  in  Figure  3-1. 

initially.  Phase  I  will  include  an  evaluation  of  any  existing  on-site  sources.  From  historical 
records,  past  site  activities  that  occurred  at  Beach  Point  were  examined  including 
pyrotechnic  testing,  clothing  impregnation  testing,  rocket  fuel  testing,  and  assorted 
trenching  activities.  From  these  records,  it  was  concluded,  based  on  historicai  groundwater 
and  soil  chemical  data,  that  activities  associated  with  the  clothing  impregnating  operations 
potentiaiiy  impacted  the  site  soils  and  groundwater  more  extensively  than  the  activities 
associated  with  the  other  two  site  operations.  Therefore,  the  likelihood  of  adverse  impact 
to  the  site  soils  and  groundwater  at  Bei^  Point  caused  by  the  pyrotechnic  and  rocket  fuel 
testing  is  mlnimat,  but  wifl  be  addressed.  The  source  evatuatlon  conducted  in  Phase  I  will 
focus  primarity  at  characterizing  the  areas  located  near  the  mobile  clothing  impregnating 
units,  the  bum  and  old  trenching  areas.  SoU  borktgs  will  be  dritied  and  discrete  soil 
samples  wtti  be  collected  (hiring  Rtase  I  to  help  define  the  source  areas,  if  they  exist.  In 
addition,  groundwater  sam(^  win  be  conducted  from  an  mortitorir^)  welis  that  currently 
exist  at  Beach  Point  The  purpose  for  tfw  groundwater  rnonaoring  is  to  continue  to  build  the 
chemical  data  base  that  will  be  used  in  the  risk  assessment 
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FIGURE  3-1 

BEACH  POINT  -  FFS  ACTIVITIES 
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Source  Identification  and  control  is  dependent  on  groundwater  velocity  and  direction  at  I 

Beach  Point.  These  measurements  will  be  collected  during  Phase  I  using  downhole 
veitical  and  horizontal  flow  meters.  These  instruments  will  attempt  to  partially  define 
groundwater  movement,  directions,  and  velocities  at  Beach  Point. 

I 

Based  on  historical  groundwater  chemical  data,  the  predominant  contaminants  of  concern 

at  Beach  Point  are  volatile  organic  compounds  that  belong  to  a  class  of  constituents  known 

as  Dense  Non-aqueous  Phase  Liquids  (ONAPLs).  The  behavior  of  these  contaminants  of 

concern  are  not  well  understood  within  the  grouniwater  system  due  primarily  to  their  * 

physicakshemical  nature.  As  the  name  of  these  compounds  suggest,  each  exhibits  a 

density  greater  than  water.  As  such,  ONAPLs  tend  to  behave  as  "sinkers'  and  will  migrate 

downward  through  the  vadose  zone  into  the  groundwater  system  and  rest  upon  an 

impermeable  stratum  such  as  bedrock  or  ^y.  Therefore,  it  Is  critical  to  understand,  to  the  * 

fullest  extent  possible,  the  physical  geomorphotogy  of  the  surficlai  aquifer.  Part  of  the  task 
in  Phase  I  will  be  to  define  the  shape  and  structure  of  the  upper  confining  clay  aquitard  at 
Beach  Point. 

I 

Assessing  the  Impact  to  the  anvironment  from  past  site  utivities  conducted  at  Beach  Point 

is  difficult  without  studying  the  efieds  that  these  past  activities  have  on  the  living  biota  in 

the  area.  During  Phase  I,  a  risk  assessment  will  be  conducted  to  assess  the  Infiuence  of 

past  site  activities  on  living  biota  In  the  area  of  Beach  Point  and  to  qualitatively  determine  * 

human  health  risk  from  limited  pathways.  Depending  on  the  Phase  I  risk  assessment 

analysis,  a  decision  will  be  mads  whether  to  implement  Phase  il  and  Riase  III.  If.asa 

resdt  of  the  analysis,  no  risk  to  human  health  or  the  environment  has  been  determined, 

the  need  for  subsequent  phases  will  be  determined.  ^ 

Phase  11  of  the  PPS  at  Beach  Point  will  entail  defining  the  lateral  extent  of  the  DNAPL 

plume  above  the  day  aquitard.  The  Phase  II  sn^pe  of  work  will  be  dependent  on  the 

results  of  the  Risk  Assessment  To  atxx^mpiish  the  tasks  of  identifying  the  DNAPL  pluine  ^ 

wia  require  invasive  activities  induding  monitoting  well  installalion  tmd  sod  gas  surveys  (if 

relevant  sources  are  iderdfied).  Phase  II  wdl  be  implemented  to  serve  as  the  core  of  the 
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Beach  Point  FFS  defining  the  nature  and  extent  of  the  contamination,  its  fate  and  transport, 
and  the  potential  for  remedy.  The  hydrogeologic  work  incorporated  in  this  phase  will  help 
to  define  the  lateral  extent  of  the  DNAPL  plume  that  exists  above  the  clay  aquitard.  With 
the  installation  of  new  monitoring  well  clusters  during  Phase  tl,  it  is  expected  that  the 
groundwater  flow  patterns,  and  the  structural  and  stratigraphic  components  of  the  aquifer 
which  affect  groundwater  movement  at  Beach  Point  will  be  better  defined.  Phase  II  will  also 
establish  a  short  term  groundwater  monitoring  program  of  the  existing  and  newly  installed 
monitoring  wells  to  ascertain  the  persistence  of  contaminants  of  concern  in  groundwater 
and  determine  whether  treatment  is  appropriate. 

Phase  III  is  the  section  of  the  Beach  Point  Focus  Feasibility  Study  technical  work  plan  in 
which  the  treatment  options  will  be  considered  based  on  the  findings  obtained  during  the 
Phase  I  and  II  portions  of  the  technical  plan.  There  are  three  categories  of  options  that  will 
be  considered  for  Phase  III  and  each  is  presented  below: 

(1)  No  treatment. 

(2)  Limited  action  —  Long-term  groundwater  monitoring  to  measure  the  natural  bio¬ 
degradation  of  the  contaminant  plume  and  determine  its  long-term  persistence  in  the 
groundwater  sy^em. 

(3)  PilotAreeUabiUty  etudy/remedial  alternatives  for  the  contaminants  of  concern. 

3^  fmOINVESTK2ATK)MSMIPlJNGANOANM.YS» 

3^1  Phaae  I  imwiitigaHona 

Phase  I  investigetions  are  intended  to  provide  a  baseline  data  base  for  determining  the 
nature  of  groundwater  corttaminatlon,  identifying  possible  source  areas,  and  performing  a 
risk  assessment  in  the  Beach  Poim  Te«  Sae  (4  AP6-BA.  This  stuc^f  only  addresses  the 
surfictai  «tuifer  at  Beach  Point  A  schedule  depicUng  the  integration  of  Phase  i  adiv^  is 
fotmd  in  Figure  3-2.  Table  3-l  summariats  d«e  Phase  l  sampling  regime. 
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Tabis  3-1.  Phase  I  Sampling  Regime 


MEDIA  SAMPLED 


NUMBER  OF  SAMPLES  LOCATION  OF  SAMPLES** 


Sediment* 


Sediment  (local  background) 


Groundwater 


Subsurface  Soil 


Surface  soil 


Proximate  to  site 


Bush  River,  Kings  Creek 


Existing  wells 


Source  locations 


Suspected  source  locations 


'University  of  Maryland  will  be  conducting  bioassays  and  biotoxicity  studies  on  groundwater  and  on 
porewater  from  sediment  samples. 

*  **Rgure  2-6  shows  sampling  locations. 
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3J2.1.1  Aerial  Photography.  Sections  1.0  and  2.0  of  this  work  plan  discuss  known 
previous  operations  and  investigations  performed  in  the  Beach  Point  Test  Site.  This 
information  is  inadequate  for  determining  the  exact  locations  of  suspected 
contaminant  source  areas.  In  order  to  provide  more  specific  spatial  information 
concerning  the  previous  activities  in  the  Beach  Point  Test  Site,  a  search  for,  and 
analysis  of  available  historical  aerial  photographs  will  be  conducted. 

All  availabtr*  aerial  photographs  presently  at  DSHE  will  be  reviewed.  In  addition, 
photographs  will  be  acquired  from  the  United  States  Department  of  Agriculture 
(USOA)  and  other  sources,  which  cover  time  frames  not  available  at  OSHE. 

Photographs  will  be  obtained  at  an  appropriate  scale  allowing  for  fine  analysis  of 
activities  and  conditions  in  the  Beach  Point  Test  Site  and  vicinity.  The  photographs 
will  entail  a  minimum  10%  coverage  overiap  allowing  for  stereoscopic  photo* 
interpretatiort. 

^  The  ^ereo  pairs  will  be  examirwd  to  define  operations  and  condhtons  noted  tor  each 

time  frame.  Suspect  haaardws  waste  activities  vriU  be  plotted  on  a  base-map  and 
used  as  a  guide  to  direct  surfa(»  geophysic«M.  soil  gas  sanvUng*  surface  soil 
sampling,  and  soil  boring  activities. 


3X1,2  deface  Oeophveka.  Surfers  geophysical  sun/eys  have  been  conducted 
by  Argnnne  National  Uboratory  in  order  to  better  define  the  hydrostratigraphy  and 
geomorphology  of  Beach  Point,  to  locate  magnetic  bodies,  and  to  identify  p<Mt^ 
contaminant  source  areas.  The  geophyskial  techniques  enipioyed  ktcludet 

1.  Seismic  Reflection 

2.  Seismic  Refraction 

3.  Eledrical  Depth  Sounding 

4.  Condudivity  and  Resitihrky  Profiling 

5.  Ground  Penetrating  (tedar  Survey 

6.  Magnetometer  Sunrey 
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The  field  data  was  gathered  starting  May  25  and  was  completed  by  June  24, 1^3. 
The  data  is  now  being  compiled  and  interpreted  by  Argonne,  Appendix  B  will  contain 
the  geophysical  grids  area.  Ground  truthing  of  shallow  geophysics  will  be  done  in 
conjunction  with  Section  32.1.5  (Soil  Borings). 

32.12  Ftowmeter  Logging  Program.  A  flowmeter  logging  program  will  be 
performed  for  six  existing  wells  in  the  Beach  Point  Test  Site.  Measurements  will  be 
made  of  the  lateral  and  vertical  components  of  groundwater  flow  in  the  surfkxal 
aquifer.  Detail  of  the  work  to  be  performed  is  presented  as  Appendix  C. 

32.1.4  Groundwater  Anahrete.  Historical  data  indicates  the  contaminants  of 
concern  (COCs)  in  groundwater  at  Beach  Point  are  1,l,2,2*tetrachioroethane. 
trichloroethane,  aluminum,  cadmium,  lead,  mercury,  and  zinc.  In  order  to  better 
define  the  contaminant  plume,  seven  existing  weiis  in  the  Beach  Point  Test  Site  will 
be  sampled  as  part  of  the  Canal  Creek  Groundwater  Monitoring  Program.  Before 
sample  purging  begins,  a  discrete  bottom  sample  shall  be  taken  from  Wei'  33B  tor 
analysis  tor  ONAPt. 

The  existing  wetts  labeled  CC'32A.  CC-328.  CC-33A.  CC-33B.1,  CC-33a.  CC24A 
and  CC-3SA  (see  f  tgute  2-6)  will  be  sampled  for  volatiie  organic  compounds, 
semivolatile  organic  compounds,  pestiddes/arodors,  t(^  metals,  dissolved  metals, 
cyar^.  total  phosphorous,  expkoives,  CSM  degradation  prorktcts  mduding 
thiodiglyd)i  1.4  dlthane.  IMPA.  AND  MPA  organophophoious  and  organosdfer 
compounds,  dioxins/furans.  hetbiddes,  ndrate.  dikirides.  and  fluorides. 

The  resdis  from  the  full  suite  analysis  of  the  groundwater  sampling  for  exisiing 
monitoring  wells  rxxnducied  during  the  Cand  Creek  Groundwater  Monitoring  Program 
will  be  evaiuaied  to  determine  the  need  lo  rnotMy  to  the  current  group  of 
conlerninants  of  concern  (COCs).  The  new  suite  of  (X>Cs  wiB  eenre  as  an  analyte 
list  for  firiure  dvHnicai  groundwater  feding  in  the  Beach  PoM  test  Site. 


BJecobeer^yneetk^gOnufilhc. 
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3^1.5  Surface  Soil  Sampling.  Surface  soil  samples  will  be  collected  in  areas 
determined  to  be  "hot  areas',  that  is,  potential  source  areas,  based  on  surface 
geophysics,  aerial  photographs  and  visual  soil  inspections.  Samples  will  be  collected 
from  a  number  of  yet  to  be  determined  locations  at  a  depth  of  1  foot  below  ground 
surface  (BQS)  using  a  cleaned  stainless  steel  bucket  auger.  Sampling  procedures 
and  quality  assurance  procedures  for  surface  soil  sampling  are  presented  in 
Sections  3.5.1  of  the  FSP  and  SOP  025  of  the  QAPP. 

Surface  soil  samples  will  be  analyzed  for  volatile  organic  compounds,  semivolatile 
organic  compounds,  pesticides/arociors,  TCLP  metals,  cyanide,  total  phosphorous, 
explosives,  thiodigtycoi,  dioxins/furans,  organophophorous  and  organosuller 
compounds.  CSM  degradation  products  including.  4  dithane,  IMPA,  and  MPA, 
herbicides  and  nitrate/nitrites. 

3,2.1 .6  Sell  Berfnoi.  Based  upon  the  results  of  the  aerial  photography  and  surface 
geophysical  programs,  approximately  (10)  soil  borings  (see  Figure  2-6)  will  be 
performed  in  suspect  contaminant  source  areas.  The  purpose  of  the  borings  will  be 
to  collect  subsurface  soil  samples  in  the  vad<^  zone  tor  chemical  soil  analyses  and 
to  ground  Truth  Shallow,  The  chemical  soil  analyses  will  identify  contaminant 
sources,  types  of  contaminants  assodated  with  this  source,  and  geophysical  sunreys 
wheUier  the  contaminartts  are  near  or  in  contact  with  the  groundwtUer  surface. 

Prior  to  soil  boring  adivities,  all  locations  wM  be  screened  tor  the  presence  ol  UXO. 
UXO  screenhtg  will  be  performed  during  the  drilling  operetions  as  described  in 
Section  3.5.2  of  the  FSP.  Sod  boi^s  wi  be  performed  using  a  standard  truck- 
mounted  drill  rig  end  hoUow-siem  augers.  Decontamination  procedures  will  be 
frtfowed  as  described  in  SOP  005  ol  the  QAPP.  Sampling  be  performed  using  a 
5'  direct-push  type  sampler  or  24*  s<^  spoon  sampler.  The  soil  samples  will  be 
coiiected  from  the  sampler  and  placed  in  appropride  labcraloty  certified  dean  glass 
containers  (see  Sections  3.10.3  of  the  FSP  and  5  of  the  QAPP).  One  sample  .«4i 
be  acquired  from  each  continuous  core.  Sampling  wai  continue  until  ow  first 
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occurrence  of  groundwater  (approximately  15’)  or  when  the  photoionization 
monitoring  detects  a  hot  spot.  The  sample  will  then  be  taken  at  this  point  and  the 
boring  terminated.  One  sample  from  each  well  boring  is  anticipated,  totaling  ten  (10) 
chemical  soil  boring  samples  to  be  sent  for  analysis. 

t 

Contaminants  of  concern  selected  for  chemical  analysis  are  volatile  organic 
compounds,  semivolatile  organic  compounds,  pesticides/aroclors,  TCLP  metals, 
cyanide,  total  phosphorous,  explosives,  thiodiglycol,  dioxins/furans, 
organophophorous  and  organosulfer  compounds,  CSM  degradation  products 
including  1,4  2,  dithane  IMPA,  MPA,  herbicides,  nitrate,  chlorides,  and  fluorides. 

3.2.1 .7  Sediment  Sampling.  Four  sediment  samples  are  to  be  collected  on  the 
Kings  Creek  side  and  six  are  to  be  collected  on  the  Bush  River  side  of  the  Beach 
Point  peninsula  (see  figure  2-6  for  approximate  sampling  locations).  These  samples 
are  intended  to  supplement  information  generated  by  the  risk  assessment  and 
provide  detailed  chemical  analysis  sediments.  Two  pairs  of  local  background 
sediment  samples  will  also  be  collected,  one  pair  from  Kings  Creek  upstream  from 
the  Beach  Point  peninsula,  the  other  pair  from  the  Bush  River.  All  sediment  samples 
will  be  collected  proximate  to  shore  below  the  low<tlde  elevation. 

3.2.1 .8  Risk  Assestment.  A  Risk  Assessment  will  be  performed  by  ICF  Kaiser 
Engineers  for  the  Kings  Creek/Beach  Point  Test  Site.  The  scope  of  work  includes 
toxicological  studies  to  assess  the  impact  on  aquatic  life  due  to  the  presence  of 
contaminants  in  surface  water  and  sediment  in  the  Beach  Point  Test  Site.  A  general 
work  plan  for  this  phase  of  work  is  provided  as  Appendix  D  of  this  FPS  Work  Plan. 
Groundwater  biomonitoring  will  be  performed  by  the  University  of  Maryland,  in 
collaboration  the  US  Army  Biomedical  Research  and  Development  L4tboratory.  A 
detailed  work  plan  for  this  activity  is  provided  in  Appendix  E. 


Jacobs  engineering  Qioup  Inc. 
Washington  OpemOons 


FiNAt  PROJECT  WORK  PLAN 


3-10 


Section;  C 
Revision  No.;  0 
Date;  10/5/93 
Page;  11  of  20 

_ Beach  Point  Test  Site,.  APG-EA,  Maryland 

Focusod  Feasibil’ty  Study 

3,2^  Phase  II  Investigations 

Phase  II  investigations  wiil  be  performed  as  required  foliowing  Phase  I  regulatory  review. 
Specificaiiy,  if  it  is  determined  that  unacceptabie  risks  exist  at  the  site,  or  if  information 
generated  during  Phase  I  activities  is  insufficient  to  determine  the  fate  and  transport  of 
groundwater  contamination  in  the  Beach  Point  Test  Site,  Phase  ii  will  be  undertaken. 

Current  well  installations  mainly  monitor  the  upper  portion  of  the  surficial  aquifer  (4  of  6 
welts).  Only  two  wells  in  (Cluster  33)  monitor  the  mid*  and  deep  portion  of  the  surficial 
aquifer  (see  Figure  2-5). 

3,2,2.1  Well  Initallitlona/Groundwatw  Monitorinq.  Under  Phase  II,  an  additional 
six  (&)  groundwater  wells  wilt  be  installed  in  three  clusters  in  the  Beach  Point  Test 
Site  (figure  2-6).  The  new  well  installations  will  albw  JEQ  to  obtain  more  detailed 
information  concerning  the  groundwater  quality  in  the  mid  to  tower  portion  of  the 
surficial  aquifer  In  the  Beach  Point  Test  Site  and  allow  definition  of  the  verticai  and 
horizontal  extent  of  the  plume. 

The  approximate  locations  of  the  new  well  clusters  are  prer«nted  in  Figure  2*6. 

These  duster  locations  may  be  repositioned  by  the  United  States  Geological  Survey 
(USOS)  and  JEG  based  upon  flow  logs  and  geophysicai  interpretation. 

fhe  wells  will  be  installed  tn  dusters  of  two  welts,  one  welt  screened  at  the  txrttom  of 
the  surficial  aquifer  (approximatety  60-7S  feet  8GS)  and  the  second  well  in  the 
cluster  screened  at  the  mid-level  of  the  surficial  aquifer  (a|;^ximalety  45-^  feet 
BQS).  Borings  tor  Ure  wells  will  be  performed  using  hollow  stem  auger  (HSA)  drilling 
tedmiqude-  Continuous  uM  sampling  wlU  be  performed  throughout  the  boring  to: 

1 .  identify  soil  stratigraphy  and  moisture  content 

2.  Screen  the  soils  tor  VOC  contaminatloiiL 

3.  Identify  the  lop  of  the  day  aquitafd. 


Jaeob$  EngiktMring  (Smp  me. 
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The  borings  will  be  drilled  and  'nstalled  as  detailed  in  Section  3.5.3  of  the  FSP 
and  Section  SOP  019  of  *he  QAPP.  In  addition,  UXO  screening  will  be  performed 
prior  to,  and  during  the  drilling  operations  as  described  in  SOP  044  of  the  QAPP. 

Groundwater  sampling  will  be  performed  at  the  seven  existing  wells  in  the  Beach  Point 
Test  Site  in  addition  to  newly  installed  well  locations  after  the  wells  have  teen  property 
developed  (see  Section  3.3.1  of  the  FSP  and  Section  SOP  019  of  the  QAPP).  The 
analytes  chosen  for  sampling  wilt  be  the  COCs  determined  from  the  results  of  the  Canal 
Creek  Groundwater  Monitoring  Program.  This  second  phase  of  sampling  will  be 
perfonned  monthly  for  a  tr^  of  three  (3)  months  and  will  include  weekly  groundwater 
level  measurements  in  order  to  provide  more  groundwater  gradient  information. 

Flowmetef  Logqlrwi  Program.  A  flowmeter  logging  program  will  be 
performed  on  wells  installed  in  Phase  It  as  discussed  in  Section  3.2.1. 3. 

ZJLiJi  Downhole  Gacohvsfes.  Gamma  ray  logging  of  newly  installed  wells  will  be 
performed  on  the  Phase  II  welts  and  older  USGS  well  336  to  provide  geologic 
correlation.  Downhole  geophysics  will  be  performed  by  a  JEG  subcontractor. 

3,2JL4  Soil  Gea  Survevfa).  Approximately  50  soil  gas  samples  will  be  collected 
and  analyzed  (or  the  presence  of  VOCs  and/other  oir^taminants  of  concern. 

Objectives  of  the  soil  gas  sampling  program  are  to; 

>  Identify  vadose  zone  areas  of  source  contamination. 

•  Outline  (he  surfidal  extent  of  source  contamination. 

Figure  2*2  i&istralfts  the  general  study  area  (or  the  sou  sunreys  at  Beach  PoUit 

Prior  to  (nitiaiion  of  any  soil  gas  sampling,  a  APG-DSHE  approved.  UXO  tractor 
assisted  by  gie  APG  Er^ltelve  Ordnance  Disposal  (EOD)  team  members  wiU 
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coordinate  the  field  work  effort  with  APG-EA  Safety  Office.  An  MK-26  Ordnance 
Locator  and/or  similar  >  etallic  material  detector  will  screen  the  subsurface  to  a  depth 
of  luur  feet.  If  suspicious  anomalies  are  encountered,  the  sampling  point  will  be 
abandoned  and  moved  to  a  safe  location. 

•  The  location  of  all  identified  or  suspected  UXO  will  be  marked  and  reported  to 
EOD.  The  UXO  contractor  will  assist  in  developing  a  ‘render  safe’  plan  for 
ail  UXO. 

•  Additional  steps  to  ensure  the  safety  of  site  personnel  will  be  followed  as 
described  in  the  Unexploded  Ordnance  Clearance  Scope  of  Work  (see 
Sections  3.2.4  in  the  Work  Plan,  and  SOP  044  in  the  QAPP  and  Section  4.1 
in  the  HASP). 

The  soil  gas  sampling  will  be  performed  using  active  suil  gas  withdrawal.  Passive 
soil  gas  sampling  equipment  will  be  used  if  it  is  not  possible  to  penetrate  the 
subsurface  due  to  the  presence  of  a  large  amount  of  potential  UXO.  Several  off-site 
background  soil  gas  samples  will  be  collected  as  baseline  (X)rrelations  for  non-source 
points.  The  background  will  be  determined  by  Army  personnel. 

Soil  gas  surveys  will  be  completed  within  six  weeks.  Following  the  completion  of  the 
soil  gas  surveys,  possib'e  ad<^'*k)nal  soil  boring  locations  (if  needed)  will  be  selected 
in  areas  of  suspected  significant  subsurface  soil  contamination  to  identity  sources. 

3,2,3  Pliaae  111  •>  oeve^pn.  jnt  and  Screening  vf  Altcnudivea 

if  Phase  II  is  Implemented,  the  a.iaiysis  of  the  result  of  this  phase  will  determine  the 
development  of  altemahves  in  Phase  ill. 

An  FFS  Report  will  be  prepared  which  will  evaluate  potential  groundwater  waste 
managemer^t  options  apiirficabie  to  the  site  and  waste  vharacteristics  (e.g.,  the  extent  of 
ONAPL  contamination)  a$  identified  in  Phase  I  and  Phase  il.  IGF  v.id  omduct  a  risk 
assessment  which  wGi  provide  an  evaluation  of  the  noterttiai  ecological  risk  and  threat  to 
human  health  in  the  absence  of  tmy  remedial  action.  Appropriate  waste  management 
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options  will  be  developed  that  will  minimize  or  eliminate  such  risk.  Depending  on  site- 
specific  circumstances,  this  may  involve  the  complete  elimination  or  destruction  of 
hazardous  substance  at  the  site,  the  reduction  of  concentrations  of  hazardous  substances 
to  acceptable  health  and  aquatic-based  levels,  and  prevention  of  exposure  to  hazardous 
substances  via  engineering  or  institutional  controls,  or  some  combination  of  the  above. 

3^.3.1  No  Action  Alternative.  As  required  by  CERCLA  and  the  NCP,  the  no 
action  alternative  will  be  evaluated  as  a  potential  remedy.  The  no  action  alternative 
will  serve  as  a  baseline  for  comparison  of  other  alternatives.  This  alternative  will  be 
seli^ted,  if  the  results  of  Phase  I,  Phase  II,  and  previous  sampling  programs  indicate 
compliance  with  ARABS  and  no  existing  ecological  risk  or  threat  to  human  health 
and  the  environment. 

3,2.^JZ  Limited  Action  /MtemaSye.  A  limited  action  alternative  will  include  ongoing 
monitoring  and  sampling  of  groundwater  to  detect  any  changes  in  contaminants 
concentrations.  Due  to  the  DNAPL  characteristics  at  Beach  Point,  extreme  caution 
will  be  taken  when  drilling  In  DNAPL  areas  in  order  to  avoid  creating  new  vertical 
pathways. 

3,2.3,3  Alternative  Develeiwient  Proceea.  Potential  alternatives  will  be  developed 
concurrently  with  Phase  I  and/or  il  contaminant  characterization  activities,  with  the 
results  of  one  influendng  the  other  In  an  iterative  fashion  (i.e.,  Phase  11 
characterization  data  will  be  used  to  develop  alternatives  and  screen  technologies  in 
Phase  ill). 

If  pilot  treatability  studies  are  deemed  necessary,  a  work  plan  will  be  prepared  which 
will  constitute  an  amendment  to  the  overall  PP8  work  plan.  A  test  wit)  be 
omitted  in  the  event  that  screening  feasiblUty  studies  are  sufficiently  conclusive. 

Table  3-2  outfifiM  the  general  content  of  such  a  plan. 
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Table  3>2.  Format  for  Pilot>scaie  Work  Plan 

1.  Remedial  technology 

2.  Test  Objectives _ 

3.  Pilot  plant  installation  and  start-up 

4.  Pilot  plant  operation  and  maintenance  procedures 

5.  Parameters  to  be  tested 

6.  Sampling  plan _ 

7.  Analytical  methods 

8.  Data  Management _ 

9.  Data  analysis  and  interpretation 

10.  Health  and  safety 

11.  Residuals  management 


Pilot  plant  systems  will  be  designed  as  small  as  possible  to  minimize  cost,  yet  large 
enough  to  get  the  data  required  tor  scaling  up.  Riot  units  will  be  operated  in  a 
manner  as  similar  as  possible  to  the  operation  of  a  full-scale  system.  Any  waste 
generated  will  be  handled  ami  stored  in  a  manner  responsive  to  CERCLA 
requirements. 

Testing  procedures  vriii  be  well  documented,  in  bound  notebooks.  Backup  copies 
will  be  made  of  critical  Herns  of  data,  in  addition,  data  sheets  wUI  be  prepared  to 
facilitate  the  collection  of  complete  data. 

AHemattves  for  remediation  will  be  developed  by  an  initial  screening  of  remediiH 
technologies  and  process  on^ions  based  on  technology  developmenl,  site  and  waste 
characteristics.  The  retained  options  win  undergo  secondary  screening  based  on 
effectivenoss.  impiementabitity  and  relative  cost  A  combination  of  the  retained 
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technologies  would  be  assembled  into  alternatives  that  address  contamination  in  the 
accelerated  groundwater  operable  unit.  This  process  would  follow  six  general  steps: 


(1)  Develop  remedial  action  objectives  specifying  the  contaminants  and  media 
of  concern,  exposure  pathways,  and  preliminary  remediation  goals  that 
permit  a  range  of  treatment  and  containment  alternatives  to  be  developed. 
The  preliminary  remediation  goals  are  developed  on  the  basis  of  chemical- 
specific  ARARS  and  site-specific  risk-related  factors. 

(2)  Develop  general  response  actions  for  each  medium  of  interest  defining 
containment,  treatment,  excavation,  pumping,  or  other  actions,  singly  or  in 
combination,  that  may  be  taken  to  satisfy  the  remedial  objectives  for 
Beach  Point. 

(3)  Identify  volumes  or  areas  of  media  to  which  general  response  actions 
might  be  applied,  taking  into  account  the  requirements  for  protectiveness 
as  identified  in  the  remedial  action  objectives  and  the  chemical  and 
physical  characterization  of  the  site. 

(4)  Identity  and  screen  the  technologies  applicable  to  each  general  response 
action  to  eliminate  those  that  cannot  be  Implemented  technically  at  the 
site.  The  general  response  actions  will  be  further  defined  to  specify 
remedial  technology  types  (e.g.,  the  general  response  action  of  treatment 
can  be  further  defined  to  include  physical/chemicat  or  thermal  (testructlon 
technology  types). 

(5)  Identity  and  evaluate  technology  process  options  to  select  a  representative 
process  for  each  technology  type  retained  tor  consideration.  Although 
specific  processes  are  seiecM  for  alternative  development  and 
evaluation,  these  processes  are  Intended  to  represent  the  broader  range 
of  process  options  v^thin  a  general  technology  type. 

(6)  Assemble  the  selected  representative  technologies  Into  alternatives 
representing  a  range  of  treatment  and  containment  combinations,  as 
appropriate. 

3JL3.4  Datatlfd  Analvaia  of  AHemativea.  JEQ  will  coik^  a  detailed  analysis  to 
provide  the  basis  for  Identifying  a  preferred  alternative.  Upon  comptetlon  of  the 
detailed  analysis,  the  FFS  report  will  be  submitted  for  public  review  and  comment 
The  results  of  the  detailed  analysis  will  support  the  final  selection  of  a  remedial 
action  and  wU  be  the  foundation  of  the  Record  of  Decision. 
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The  detailed  analysis  of  alternatives  will  address  the  following  cxtmponents: 


•  Further  definition  of  each  alternative,  if  necessary,  with  respect  to  the 
volumes  or  areas  of  contaminated  media  to  be  addressed,  the  technologies 
to  be  used,  and  any  performance  requirements  associated  with  those 
technologies. 

•  Assessment  and  summary  profile  of  each  alternative  against  the  evaluation 
criteria. 

•  Comparative  analysis  among  the  alternatives  to  assess  the  relative 
performance  of  each  alternative  with  respect  to  each  evaluation  criterion. 


Two  statutory  requirements  of  CERCLA  constitute  threshold  criteria  to  be  met  by 
each  alternative  of  the  FFS: 


•  Overall  protection  of  human  health  and  the  environment. 

•  Compliance  with  ARARs. 

Evaluation  of  ihe  overall  protectiveness  of  an  alternative  during  the  FFS  will  focus  on 
whether  that  attemative  achieves  adequate  protection.  The  evaluation  will  also 
describe  how  site  rlste  posed  through  each  pathway  being  addressed  by  the  FFS 
are  eliminated,  reduced,  or  controlled  through  treatment,  engineering,  or  Institutional 
controls.  Evaluation  also  allows  for  consideration  of  whether  an  alternative  poses 
any  unacceptable  shott>lerm  or  cross-media  impacts. 

The  detailed  analysis  wiil  swtimarize  w*hich  ARARs  are  pertinent  to  each  aitemative 
and  describe  how  the  aitemative  meets  these  requirements.  When  an  ARAR  is  not 
met,  the  basis  for  justifying  one  of  Ihe  six  waivers  allowed  under  CERCLA  will  be 
discussed.  Specifics  to  be  included  are: 

•  Compliance  with  chemical-specific  ARARs  (e.g.,  maximum  contaminant 
teveLs)  —  This  factor  addresses  whether  the  ARARs  can  be  met,  and  if  not. 
whether  a  waiver  is  appropriate. 
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•  Compliance  with  location-specific  ARARs  (e.g.,  preservation  of  historic  sites) 
—  As  with  other  ARAR-related  factors,  this  involves  a  consideration  of 
whether  the  ARARs  can  be  met  or  whether  a  waiver  is  appropriate. 

•  Compliance  with  action-specific  ARARs  (e.g.,  RCRA  minimum  technology 
standards)  —  It  must  be  determined  whether  ARARs  can  be  met  or  will  be 
waived. 

All  ARARs  will  be  listed  and  a  detennination  will  be  made  of  whether  each  will  be 
satisfied  by  the  specific  remedial  aitemative. 

Several  criteria  are  largely  technical  in  nature  and  as  such  distinguish  engineering 
refinement  in  remedial  design.  These  criteria  represent  the  primary  factors  upon 
which  the  detailed  analysis  is  based.  The  overall  approach  for  analyzing 
technological  and  engineering  aspects  will  focus  first  on  long-term  effectiveness  and 
permanence,  specifically: 

•  Magnitude  of  residual  risk. 

•  Aciequacy  and  reliability  of  controls. 

With  respect  tc^  effectiveness  In  reducing  toxicity,  mobility,  and  volume  through 
featment,  JEQ  will  study  the  following  factors: 

•  Treatment  process  used  and  material  treated. 

•  Amount  of  hazardous  materials  destroyed  or  treated. 

•  Degree  of  expected  redurHions  in  toxicity,  mobility,  and  volume. 

•  Degree  to  which  treatment  is  Irreversible. 

•  Type  and  quantity  of  residuals  remaining  after  treatment 

With  r^pect  to  short-term  effectiveness  the  factors  to  be  studied  will  be: 

•  Protection  of  community  during  remedial  actions. 

•  Protection  of  workers  during  remedial  actions. 
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•  Environmental  impacts. 

•  Time  until  remedial  action  objectives  are  achieved. 


Aspects  of  the  implementability  of  the  remedial  alternatives  which  will  be  analyzed 
are: 


•  Ability  to  construct  and  operate  the  technology. 

•  Reliability  of  the  technology. 

•  Ease  of  undertaking  additional  remedial  actions,  if  necessary. 

•  Ability  to  monitor  effectiveness  of  remedy. 

•  Ability  to  obtain  approvals  from  other  agencies. 

•  Coordination  with  other  agencies. 

•  Availability  of  treatment,  storage,  and  disposal  services  and  capacity. 

•  Availability  of  necessary  equipment  and  specialists. 

•  Availability  of  prospective  technologies. 

Cost  aspects  to  be  evaluated  during  detailed  analysis  will  be: 

•  Capital  costs. 

•  Operating  and  maintenance  costs. 

•  Present  worth  cost 

3^*6  AcceptebllHv.  Preliminaiy  evaluations  will  be  made  on  the  acceptability  of 
the  remedial  aitematives  to  die  State  of  Maryland  and  to  the  community  in  vicinity  of 
Beach  Point.  Acceptability  Is  finally  determined  later  on  the  basts  of  the  comments 
made  in  review  of  the  PFS  report 

ZJLM  Cemparattve  Anahreli.  A  comparative  analysis  will  be  conducted  to 
evaluate  the  relative  performance  of  each  attemative  in  relation  to  each  specific 
evaluation  criterion.  This  is  in  contrast  to  the  preceding  analysis  in  which  each 
attemath/e  was  analyzed  independently  without  a  constderaiion  of  other  alternatives. 
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The  purpose  of  this  comparative  analysis  is  to  identify  the  advantages  and 
disadvantages  of  each  alternative  relative  to  one  another  so  that  the  key  tradeoffs 
the  decisionmaker  must  balance  can  be  identified. 

3J2.3.7  Potential  Remedial  Altemathres.  Some  potential  remedial  alternatives  for 
the  groundwater  operable  unit  that  may  result  from  a  thorough  screening  and 
combining  of  general  response  actions,  technologies  and  process  options  include  the 
following: 

•  No  Action 

•  Limited  Action  •  Continue  to  Monitor 

•  Pump.  Treat  and  Discharge  to  King’s  Creek 

•  Pump  and  Transport  Off-Site 

•  Pump  and  Discharge  to  POTW 

•  Pump.  Treat  and  Discharge  to  POTW 

•  Insitu-Bioremediation 

Where  removal  of  DNAPL  by  excavation  is  not  viable,  remediation  using  in-situ 
removal  methods  is  typically  considered.  In  addition  to  bioremediation,  other 
potential  in>situ  options  will  be  evaluated  including: 

•  Induced  Volatilization 

•  Chemicatly-Enhanced  Displacement 
«  Steam  Displacement 

•  Chemicatly-Cnhanced  Dissolution 

Induced  volatilization  or  soH  vapor  extraction  is  currently  the  only  In-siiu  method 
being  applied  DNAPL  at  sites  with  success:  however,  even  this  method  has  limited 
applicability  and  effectiveness.  Consequently,  at  present,  most  DNAPL  sites  are 
using  conventional  engineering  approaches,  such  as  aquifer  pumping  wells  or 
combinations  of  od-off  waUs  and  source  area  groundwater  pumping,  to  control  offsite 
rrtigmlkm  dissolved  contarninants.  It  is  important  to  note  Utat  the  remediation 
strategy  becomes  one  of  long-term  control  versus  actual  site  ciean-up. 
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At  the  conclusion  of  Phase  I  of  the  project.  JEG  will  prepare  a  report.  The  report  will  be 
submitted  to  EMO  within  90  calendar  days  of  the  collection  of  the  final  media  sample  and 
conclusion  of  all  other  activities.  The  format  of  the  report  will  be  as  follows: 


•  Introduction 

—  Report  objective  and  criteria 
—  Governing  documents  and  regulations 
—  Summary  of  report  cantents 

•  Field  Activities  and  Sampling  Methodology 

—  Field  measurements 
Sample  collection 

—  Sampring  handling,  documentation,  and  custody 
—  Laboratory  analytical  procedures 

•  Observations  and  Summary 

—  Aerial  Photography  Investigation 

—  Surface  Qeophysi^l  Investigation 

—  Physical  Soil  Boring  Data,  Geology,  and  Down— hole  Geophysics 

—  Water  level  data 

—  Chemical  Data 

—  Data  validation  summaries 

—  Recomrnendatlons 

—  Groundwater  levels  and  field  parameter  measurements 

—  Summary  of  laboratory  analytical  data 

—  Summary  of  recommended  adlons 

•  Appendix 

—  Ma|:» 

—  Surface  geophysics  survey  ioo^ion  map  and  EM  and  Seismic  maps 

—  Water  level  contour  maps 

—  Contaminant  plume  map  or  cro5S'Section/source(s)  map;  shaded  map  of 
contaminated  areas  defined  by  chemical  data,  more  than  one  map  may  be 
constructed  if  special  and  gra^  constraints  are  encountered. 


Results  of  the  sampling  program  will  be  presented  in  the  groundwater  monitoring  report. 
The  report  will  contain  descriptions  of  sampUng  procedures  and  rnedtods  used  to 
aocorr^tlish  the  task  in  addHion  to  laboratory  methods  employed  tor  chemical  analyses  of 
groundwater  samples.  Summaries  and  recommendations  will  be  supported  with  tabulated 
cie^  and  associated  maps. 
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5.1  PROJECT  STAFFING  | 


Rgure  5-1  shows  the  overall  FFS  project  organization,  the  principal  lines  of  communication 
for  impiementation,  and  the  functional  relationships  within  the  contractor  organization. 


» 

5.1.1  KByRole;i 

Designated  key  roles  for  the  APG-OSHE  work  at  APG-EA  are  described  below: 


•  DSHE  Project  Officer.  The  Project  Officer  will  be  responsible  for  coordinating  I 

and  monitoring  DSHE  activities  at  APG.  Responsibilities  will  include  technical 

management  of  the  investigatiorrs  and  review  and  approval  of  all  deliverables  for 
technical  content  and  compliance  wittr  DSHE  guidelines  and  requirements. 

•  Battelle-€MO  Program  llanagar.  The  Program  Manager  will  be  responsible  for 
overall  direction,  coordination,  technical  consistency,  and  review  of  the  entire 

effort.  Responsibilities  include:  ^ 

—  Format  communications  with  the  Project  Officen 
—  Final  approval  and  review  of  work  plans,  all  project  deliverables,  s^redules, 
contract  changes,  and  labor  allocatioirs;  and 
—  Guiding  the  approach  to  particutariy  difficult  problems  which  may  arise. 

•  JEQ  Project  fftanagar.  The  Prr^  Manager  is  vested  with  the  authority  to  | 

select  personnel  assigned  to  the  project.  He  or  she  may  also  alter  personnel 

assigned  to  the  project  team  and  approve  or  disapprove  all  8ubmlssior»  and 
modifications  to  bu^ts  and  schedulM.  In  addition,  the  Project  Manager  wilt 
interact  with  the  EMO  Program  Manager.  Task  Managers,  and  the  Project  Team 
to  ensure  consistency  of  work  products. 

The  Project  Manager  will  be  reeponsibie  for  directing  coordination  anwng  support 
personnel  to  ensure  consistency  of  peitormance.  Responsibities  indude: 


•  Teehnica]  and  project  managemerd  inlersctions  with  DSHE:  I 

•  Etfedive  day-trHtay  management  of  ak  task  operatione; 

•  Preparation  of  cost  and  peifomiance  reports  with  the  assistance  di  key  support 
personnel; 

•  Management  datifutids  for  tMxrr  and  rnateriatsprocurerneni; 

•  Management  of  the  team  toward  unified,  prochictive  project  aocompUShmcra;  and  * 

•  Technical  trntiew  of  ati  task  deiiverablee  arid  iraegration  of  al  work  dements. 
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Figure  S-1.  Project  Management  Organlzetion 
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To  supervise  the  day-to-day  operations  of  the  project,  including  the  preparation  and 
technical  review  of  all  project  deliverables,  and  management  of  funds,  he  or  she  has  the 
authority  to  allocate  budgets  among  the  work  elements  required  for  the  project,  and  to 
establish  and  enforce  milestones  to  ensure  timely  completion  of  the  investigation.  He,  or 
she,  may  also  approve  or  disapprove  any  Is^c’’  or  material  charges  and  contributions  to 
any  technical  deliverable. 


•  Task  Manager.  The  Task  Manager  will  direct  all  field  studies  and  investigations 
and  the  development  of  assigned  reports.  He  or  she  will  be  responsible  for  the 
completeness  of  data  gathered  during  the  field  program. 


5.1.2  Support  Roles 

Important  support  roles  to  the  project  are: 


•  Site  Health  and  Safety  Coordinator  (SHSC).  The  SHSC  will  be  responsible 
for. 

■—  Preparing  and  reviewing  the  project  Health  and  Safety  Plan.  He,  or  she,  will 
ensure  that  all  elements  addressed  in  the  Plan  are  consistent  with  the  field 
sampling  requirements. 

— •  To  fulfill  these  responsibilities,  the  SHSC  has  the  authority  to  recommend  and 
require  safety  systems  and  procedures  commensurate  with  defined  hazards 
at  a  site,  and  to  deman>.  compliance  with  all  safety-related  SOPs  and  plans, 
and  dismiss  from  the  site  any  personnel  not  acting  in  a  safe  manner.  In 
addition,  he  or  sh/^  can  diredly  intercede  to  stop  any  activities  deemed  to  be 
a  threat  to  personal  health  or  property,  and  recommend/implement 
procedures  tor  correcting  safety  problems.  Responsibilities  will  also  include 
identifying  the  required  level  of  protection  for  personnel  for  any  field 
procedures,  requiting  the  utilization  of  qualified  personnel  trained  in 
necessary  safety  procedures,  and  ensuring  that  adequate  emergency 
procedures  and  response  capabilities  are  available. 

*  QA  Coordinator  (OAC).  The  Quality  Assurance  Coordinator  is  responsible  for 
all  quality  assurance  and  data/documentation  control  activities.  The  role  of  the 
QAC  will  be  to; 

—  Assure  that  all  final  project  deliverables  aie  based  i  >'  defensible,  documented 
data  for  which  uncertainties  can  be  quantified; 

—  Assure  that  adequate  QC  documentation  is  provided  for  all  project 
deliverables;  and 
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—  Assure  that  all  QC  problems  are  resolved  in  an  expeditious  manner  and 
brought  to  the  attention  of  the  technical  managers. 

—  To  fulfill  these  responsibilities,  the  QAC  has  the  authority  to  demand  Cjuaiity 
performance  from  all  projer^t  participants  and  recommend  solutions  to 
obsenred  quality'  problems  to  the  Task  Manager. 


SJL  PROJECT  MONITORING  AND  CONTROL 

The  Project  Manager  and  appropriate  technical  management  support  staff  will  provide 
oversight  and  control  of  project  progress,  schedule,  and  budget  in  accordance  with  the 
approved  Work  Plan.  Their  efforts  will  ensure  \ba.\  the  Battelle*EMO  Program  Manager 
remains  aware  of  work  assignment  status. 

5,2.1  Monthly  ProsreM  Reports 

Monthly  technical  and  financial  progress/staius  reports  will  be  submitted  to  Batteile-EMO. 


5.2.2  Monitor  Ouatity  Mseurance 

Aii  technical  review  anri  oversight  activities  will  be  monitored  under  the  Jacobs  Quality 
Assurance/Quality  Control  Plan  for  OSHE.  The  plan  is  based  on  the  premise  that  the 
quality  control  process  is  more  than  review  of  deliverables.  It  starts  as  soon  as  a  work 
assignment  or  task  order  is  received  and  continues  through  the  planning,  execution, 
documentation  and  dose-out  of  the  project.  Although  the  primary  responsibility  for  quality 
work  rests  with  the  project  manager,  appropriate  management  and  technical  personnel  will 
assist  In  meeting  this  requirement.  The  management  and  technical  personnel  will  review 
dellversbies  and  participate  in  critical  decisions  on  an  as  needed  bt^sis.  Ongoing 
monitoring  by  Jacobs  management  U  designed  to  identify  poterdial  prodems,  to  promote 
their  solution  and  to  prevent  their  reoccurrence.  The  deiivembie  review  process  will  ensure 
that  documents  are  tedtnicaliy  sr^md,  complete,  and  undersUmdable.  For  budgeting 
purposes,  It  has  been  assumed  that  a  field  quality  assurance  audit  will  also  be  corklucfed 
by  a  senior  Jacobs  employee  during  the  field  investigation 
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Acronyms 


1.1 - DCE 

1.2- DCA 
ACOM 
ANL 
APG-EA 
BGS 
BNAS 
CAG 
CC2 
CFG 
COG 
GLP 
GRDE 
GSM 
DGE 
DNAPL 
DQI 
DQO 
OSHE 
EMI 
EMO 
EOD 
EPA 
FFS 

FS 

HG 

HQA 

HMX 

HSA 

IGF 

IM'PA 

IRP 

JEG 

Ml 

M2 

MCL 

MPA 

MOD 

MNRC 

MPRSA 

NESHAPs 

NOAA 

NPOES 


1.1- Dichlonaethene 

1.2- Dichloroethane 
Annotated  Gode  of  Maryland 
Argonne  National  Laboratory 

Aberdeen  Proving  Ground  -  Edgewood  Area 
Beiovy  Ground  Surface 
Base  Neutral  Acids 
Garcinogen  Assessment  Group 
(N,N-dichtoro-bis(2,4.6-trichlorophenyl)urea) 

Ghiorofluorocarbon 

Gontaminant  of  Goncem 

Gontract  of  Laboratory  Program 

Ghemical  Research  Development  Engineering 

Ghemical  Surety  Material 

DIchloroethene 

Dense  Non-Aqueous  Phase  Liquids 
Data  Genter  Quality  Indicator 
Data  Quality  Objective 

Directorate  of  Safety,  Health, and  Environment 
Electromagnetic  Induction 
Environmental  Management  Operations 
Explosive  Ordnance  Disposal 
Environmental  Protection  Agency 
Focused  Feasibility  Study 
Feasibility  Study 
Hydrocarbon 

Hydrogeological  Assessment 
Cydotetramethyienetetranitramlne  (Explosive] 

Hollow  Stem  Auger 
ICF  Kaiser  Engineers 
Isopropylmethylphoshonlc  Acid 
Installation  Restoration  Program 
Jacobs  Engineering  Group 

Solvent  Based  Process  Used  In  Clothing  impregnating  Operations 
Water  Based  Process  Used  In  Clothingimpregnating  Operations 
Maximlm  Contaminant  Level 
Methyiphosphonic  Acid 
Million  Gallons  Per  Day 
Maryiand  National  Resource  Code 
Marine  Protection,  Research,  and  Sanctuaries  Act 
National  Emission  Standards  (or  Hazardous  Air  Rlutants 
National  Oceanographic  and  Atmospheric  Administration 
National  Pollutant  Discharge  Elimination  System 


m 
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PCB 

PCE 

POTW 

QAPP 

QA/QC 

RCRA 

RDX 

RFA 

RFNA 

SAP 

SDWA 

SED 

STP 

SVOC 

SWDA 

SWMU 

T-1.2-DCE 

TAL 

TBC 

TCA 

TCE 

TCL 

TCFM 

TCPU 

TOS 

TIC 

TNT 

TOC 

UDMH 

UM 

UTM 

USAEHA 

USATHAMA 

USQS 

VOC 

WP 

WWI 

WWH 

WWTP 

XXCC3 

Oxide 


Polychlorinated  Biphenyl 
Perchloroethene 

Publicly  Owned  Treatment  Works 
Quality  Assurance  Project  Plan 
Quality  Assurance/Quality  Control 

Resource  Conservation  and  Recovery  Act 
Hexahydro-1 ,3,5-trinitro-1 ,3,4-tria2ine  [Explosive] 

RCRA  Facility  Assessment 
Red  Fuming  Nitric  Acid 
Sampling  and  Analysis  Plan 
Safe  Drifting  Water  Act 
Sediment 

Standard  Temperature  &  Pressure 
Semivolatile  Organic  Compound 
Solid  Waste  Disposal  Act 
Solid  Waste  Management  Unit 
T  rans-1 ,2-dichloroethene 
Target  Analyte  List 
To  Be  Considered 
Trichloroethane 
Trichloroethene 
Target  Compound  List 
Trichlorof  luoromethane 
N-chloro-bis  (2,4,6-trlchiorophenyl)  Urea 
Total  Dissolved  Solids 
Tentatively  Identified  Compounds 
Trinitrotoluene 
Total  Organic  Carbon 
Unsymmetrical  Dimethylhydrazine 
University  of  Maryland 
Universal  Transverse  Mercator 
United  States  Army  Environmental  Health  Agency 
United  States  Army  Toxic  and  Hazardous  MaterW  Agency 
United  States  Geological  Survey 
Volatile  Organic  Compound 
White  Phosphorus 
World  War  I 
World  War  II 

Wastewater  Treatment  Plant 

Microntzed  lirpegnite  (N.N’-dichioro-bis  (2,4,6-trichiorophenyl)  Urea]  with  10%  29nc 


»  Jacobs  Engfmedng  Qtoup  tne. 

OpMiim 


FINAL  PROJECT  WORK  PLAN 


Revision  No.:  0 
Date:  7/6/93 


Beach  Point  Test  Site,  APG-EA,  Maryland 

Focused  Feasibility  Study 

Appendix  A  —  Data  from  Groundwater  Monitoring  Weiis  in  Beach  Point  Area* 


*Oata  derived  from  tlw  Os^S/HQA 
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TABLE  A-5 


CONCENTRATIONS  OP  SEMiVOLATILE  ORGANIC  CONSTITUANTS 
AND  ORGANOSULFUR  COMPOUNDS  DETECTED  IN  GROUNDWATER 
MONITORING  WELL  CC-93B  IN  THE  BEACH  POINT  AREA' 


1  Phaaa 

2 

3(H) 

3(HR)  n 

1  Sampling  Data 

9/7/U 

4/26/89 

4/26/89 

I  Analyaaa* 

1  Bis  (2-athylh6xyl)  phthaiate 

72 

-> 

— 

jj  Butyrolactone# 

71 

— 

— 

1  l-Mathyi<2-pyrrolUinone 

6 

— 

1  2'Ethylhexanoic  acid# 

6 

8 

4 

Ethenyi  cyciobutane# 

3 

— 

Oiethyiborinic  acid,  methyl  ester# 

5 

— 

— 

Hexanedioic  acid,  dioctyi  ester# 

450 

— 

— 

1 . 1 ,2.2-T  etrachloroethane# 

— 

600 

8C0 

Unknown  (4.61  min.)* 

8 

— 

Unknown  (5.63  min)* 

10 

— 

1  Unknown  (5.69  min.)* 

2 

— 

— 

1  Unknown  (5.77  min,)* 

3 

Unknown  (6.42  min.)* 

39 

— 

Unknown  (6.50  min.)* 

12 

Unknown  (7.64  min.)* 

9 

.. 

— 

Unknown  (13.4  min.)* 

6 

Dithianat 

- 

3.0 

3.2 

'(H.  haloccrbon  anilysis  perfomwd;  R,  tepHcMA  saff^e;  #,  tantMNMy  IbaniKM  organic  compourid  with 
Mtimated  concantration;  *,  unknown  compound  idantWad  by  piadt  ratantton  tima  with  aatimatad 
concaniration:  f.  compound  dataciad  by  organoeviftjr  anaiyaM  (parformad  in  Phaaa  3  only).] 

*(Aa  raiulta  raportad  in  mg/L  (mBIgramt  par  Utar}.) 
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Appendix  B  —  Argonne  National  Laboratory  Draft  Geophysics  Work  Plan" 
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AHQiOHHB 


NATIONAL 


LABORATORY 


IHTHA«LABOmTOilY  MIMO 


October  29. 1992 

TOt  I^anciae  Gordoa 

Jacobs  Enpneeriog  Group.  Inc. 

FROM:  UD.  McGinnis  ES-372 

SUBJECT:  Attached  Draft  Point  Geophysics 

This  is  a  draft  geophysics  workplan.  We  art  exploring  SOPi  {os  seismic  and  electrical 

geophysics  with  EPA  im  AS^  Please  set  back  to  me  on  Workplan  isodificatioos. 

LDM^ 

Attafduneoc 

«C  DJS.  Edgar/ANL 
ICL.  Brubakei/ANL 


5c. C  'Of. 


Beach  Point  GeoplQ^  Wcdqplan  for  FFS 


October  21^,1992 


Background 

A  Geophysical  Workplan  designed  to  assist  a  sampling  and  data  collection  program  in  die 
Beach  Point  area  of  Aberdeen  Proving  Ground  is  described.  The  Worit  Plan  objective  it  based 
upon  discussions  with  Jacobs  Engineering  Mitonnel.  Recommendationi  on  how  the  objective  is 
to  be  resolved  are  based  on  experience  m  die  ANL  geophysics  team  in  the  Canal  Creek  and 
Westwood  ireai,  geologic  logs  tor  USGS  boieholes  32, 33,  and  34,  and  a  literature  teareh.  It  is 
assumed  that  geophysical  properties  of  sediment  in  the  Canal  Creek  and  Westwood  areas  are 
timilir  to  those  at  Point 


Objective  • 


Objective 

Determine  hydrostradgraphy  horn  aeoph' 
the  suificial  aquifer  bene^  Beach  roiiy 


No  geophysical  technique  has  been  trii 
hydrostratigrapby  down  to  the  base  of  the  surfic 
60  ft,  it  ia  proposed  that  a  geophysical  c^lfflioo  pro 
using  aeophytical  technologies  that  are 
beneath  Gunpowder  Neck  and  adjacent  wa_ 
ind  piofUiM  and  seismic  refraction  soundng 
Aberdeen  Praving  Grounds.  TheJUSGS  h'’ 
miiine,  single  channel  seismic 


urements  down  to  the  base  of 


Appr 


Following  compteti) 
coDcem  in  the  time  haroe  pco’ 


Four 


each  Point  In  order  to  determine  the 
lying  it  a  depth  of  approximately 
ran  down  the  axia  or  Beach  Point 
.  subturfice  hydcoitraiigraphk  eootxol 
have  conducted  clectriw  stmeding 
—  Onek  areaof  the  Edgewood  seehoo  of 
itfttUy  pnliled  the  luiBoai  aquifer  using 


profile,  short  piofUei  will  be  nto  to  areu  of 
schedule  (Figure  IX 


<  Keiiittvity 


Bec^  of  the  tueceis  achieved  with  high^motutien  whak  rdtoetkii  proAUng  oflIdMie, 
a  nM*in«u^vc  land  renechoB  prollie  wm  be  shot  aioog  the  axk  of  Beach  Poire  a^ 
profUea  Qfthogpnal  to  the  axil.  hoAleiwiQbeikdioaxiitingbQnholeatoMttbUuiaBbiaifhee 
emlatkn.  It  ia  expeeied  that  reflMton  will  be  leeu  at  Uthologio  bouadarioa*  the 
Pleiitoeeae/Cretaceoei  Uflcottforaity,  base  of  the  luxfielal  leuiftr,  and  at  the  baaeaeat 
ttncoofoni^.  ^  itinfe  anay  wiU  M  opdnally  dethped  topiovida  iateaatkNi  beiwwB  the 


*ei*mfa»  leftBcdoe  •eundian  ever  BuildlBg  103  33«Bn  ^"fifaitf  veloeltka  ha  the  above 

water  table  avesige  about  m  (Xe.,  aeirS  ia  ai^lldMv  (he  wiier  tahK  velochki  hmae 


Shallow 


2 


to  1870  m/t  tt  the  bate  of  the  lurndal  aquifer  (Figu^  2).  Frost  the  work  of  Hughei  (1991),  a 
refractor  was  inde^Mued  it  the  bouadaiy  between  the  turfidal  aquifer  and  the  upper 
l^er.  VeiociQ^  data  pnyvided  by  the  refiactkoproffie  will  aid  in  the  conversion  of  reflect  timea 
to  depths. 

Electrical  depth  foundings  will  be  taken  at  50  fit  intervals  al(»g  the  axis  of  Beach  Point 
Fbur  experimental  electrical  d^th  soundings  were  made  by  the  ANL  team  during  building 
decommissioning  studies.  Soundings  were  made  too  far  apart  to  attempt  correlations  between 
them  or  widi  bottle  data.  However,  extremely  large  vanatiotts  in  lesistivitiet  were  observed 
which  suggests  that  electrical  techniques  will  be  very  usefttl  in  charicteiiaing  subsurface  lidwiogiei 
and  hydrogeodtemistiy  beneath  Beara  Point  Apromiiumtdectriealboundaiy  war  observed  at  the 
unconformity  separating  the  Iowa  Cretaceous  sediments  from  crystalline  baiemeut  at  a  dq>di  of 
*  50  min  the  Westwood  area  (Rgure  3). 


A  continuous,  horizontal  electrical  profile  will  be  run  along  the  axis  of  Beach  Point 


Horizontal  and  vertical  gredienti  in  salinities  and  contaminan 
may  also  produce  electrical  gradients.  Electrical  profiling  ok 
information  on  subtle  changes  in  hydrogeocbemical  prosK 
were  measured  by  ANL  stuf  using  resistivity  metbodj^^ 
developed  a  variatioa  of  the  resistivity  method  using  ajwce 
favored  ova  the  OEONICS  EM*34  fa  horizontal  moiv^ 
equivalent  speeds,  it  can  be  operated  by  one  or  ^  teubnici 
Octapod  array,  venus  three  for  the  EM-34,  indkflhmimhe 
radio-wave  frequencies.  Although  the  EM-34  (5iWg|<|ii5 
Octapod,  this  posa  no  advantage  at  Beach  Point 
of  land  with  lime  lehef.  ^ 


naat^gnantradoos  beneath  Beach  Point 
q^Knbsurface  nuy  therefore  provide 
Horizontal  electrical  g^ents 
Creek  area.  Argonnehas 
Ijce  weBb^Octapod.  Hie  Octapod  is 
unents  cIHe  txaveises  caabe  made  at 
nidans,  di^disg  mi  the  length  of  the 
)he  to  interrerence  caused  by  extnmeoot 
ova  more  rugged  terrain  than  the 
ahfliurfrec  is  a  cut-grass,  eamarine 


It  is  expected  that  in  a  brackish,  estunp 
and  wata  lalinitiet  will  play  a  oiore  dominant 
than  contaminants.  Howeva,  nauaalsaliaiae 
produce  an  electrical  halo  sub-pmdSmftthe  shol 
conditions,  from  thoae  »rt{rie«iiJEw<tM3«  Kv  ennt 


IMbafteot  like  that  at  Beach  Point,  natural  soil 
nnaHttivity  and  conductivity  of  the  tubiurfiee 
due  to  the  proximity  of  Qetapeake  Bay  will 
It  Upi^ble  that  difTerendatioo  of  natural 
Iminanti,  is  possible. 


Tuk  Schedule 

A  tentative  es^ 
Following  (eating  ofdi 
Oder  (0  optimize  tfai^ 


i  for  geopbyaical  mettureoenii  ii  given  in  Figure  1. 
I,  the  tiins  coomittad  to  t  qiedfk  tm  may  chiage  la 
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Appendix  C  —  K-V  Asscxtiates  Flowmeter  Logging  Program. 
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A.NAirnCAlSYSTEi<S 


aiHAWSTtUT  •  10X5^4  •  rAt.MOlTX.HA4SACir.SrTT5  41S«1  •  .3M,  •  »*x.  «l;4Sr«Cj: 


October  27,  1992 

Mr.  Wayne  Mandell 
Mr.  Dave  Stein 
Jacobs  Enqfineering 
1212  K.Y,  Avenue,  NW 
Suite  1050 

Washington,  D.C.  20005 
FAX;  (202)  371-2241 

JRE:  Groundvater  Flow  Metering^  Aberdeen  Proving  Grounds,  NO 

K-v  Associates,  Inc,  is  pleased  to  present  this  proposal  for 
services  associated  with  conducting  a  groundwater  flow 
aetering  program  at  the  Aberdeen  Proving  Grounds  site  in 
Aberdeen,  MO. 

This  project  will  require  measurements  of  groundwater  flow 
rates  and  directions  using  a  KVA  Geofiow,  Model  40  flowmetar 
and  horisontal  flow  measurements  in  one  well  using  the  KVA 
Model  90  Borehole  Flowmeter.  From  our  telephone  conversation 
of  October  27,  i992,  K-v  Associates,  Inc.  jKVA)  understands 
that  the  project  will  require  horizontal  flow  and  velocity 
measurements  in  six  (d)  existing  4-inch  diweter  WC 
monitoring  wells  and  the  possibility  for  similar  flow 
measurements  in  an  additional  ten  wells,  pie  existing  wells 
are  installed  into  an  upper  equifer  of  sendv  deposits  (both 
well  sorted  and  poorly  sorted  sends)  exte^lng  below  the 
surface  to  epproximately  60  feet.  An  equitara  (confining 
unit)  exists  below  the  60  foot  depth.  The  average  dapth  to 
groundvatar  at  the  site  is  13  to  14  ft. 

The  existing  wells  sre  ooapletad  with  10-fogt  screens. 

A  well  cluster  (triplet)  in  which  one  veil  le  screened  at  S5 
-6S  feet,  an  intanediata  wall  it  aereanad  at  approximately 
40  -50  feet  and  an  uppar  wall  is  screentd  from lo  -20  fast 
will  be  flcwmetered  ae  a  part  of  this  atudy.  The  deep  veil 
(existing)  will  be  flovmeUred  in  the  eesadr  upper  tone  to 
determined  vertical  flow  eheracteristies.  The  remaining 
three  exletlng  veils  art  all  teraanad  in  ^e  uppar  vatar 
table  tone,  from  lo  -20  faet.  The  centaminanta  of  eoncarn  at 
tha  alts  includa  vocs«  SVOCa  and  TCLP  Netalf*  The 
groundwater  gradient  et  the  eite  ie  eetlmated  to  be  very 
ehallew. 
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Appendix  D  —  ICF  Risk  Assessment  Plan. 
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ICF  KAISER  ENGINEERS  INC 
9300  LEE  HIGHWAY 
FAIRFAX.  VIRGINIA  2203l-'207 
703.93A-3300 


Niwember  11. 1992 

Frantinc  Gordon 
Jacobs  Engineering 
1212  New  York  Avenue,  NW 
Suite  1050 

Waithington.  D.C.  20005 


Francine: 

Enclosed  is  a  hard  copy  and  disk  copy  (Wordperfect  5.1)  of  our  risk  assessment  plan  to  be 
included  in  the  Beach  Point  groundwater  Focussed  Feasibility  Study  Workplan.  At  the  request  of 
Wayne  Mundell.  I  have  prepared  the  risk  assessment  plan  as  a  stand-alone  document  that  can  be 
tncorpiuated  as  an  appendix  to  your  workplan.  Please  give  me  call  if  you  need  anything  else.  Also, 
could  you  please  .send  me  a  draft  copy  of  the  full  workplan  once  it  is  available  for  distribution? 
Th.ink.N. 


John  Wrohcl  (APO-DSHE) 
John  P..UI  i.^PG-DSHE) 
L.irf\  ThehcMu  (ICF  KE) 


Sincerely, 


^/udi  Durda 
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1.0  INTRODUCTION 


This  workplan  has  been  prepared  by  ICF  Kaiser  Engineers  (ICF  KE)  to  address  potential 
risks  associated  with  known  groundwater  contamination  at  Beach  Point,  located  in  the  Edgewood 
Area  of  Aberdeen  Proving  Ground.  Maryland.  The  workplan  has  been  prepared  at  the  request  of 
the  U.S.  Army  Toxic  and  Hazardous  Materials  Agency  (USATHAMA)  and  Aberdeen  Proving 
Ground  Directorate  of  Safety,  Health,  and  Environment  (APG-DSHE)  under  Task  Order  Number 
4  of  Contract  DAAA15-91-D-0014.  The  approaches  outlined  in  this  workplan  are  consistent  with 
the  overall  approaches  outlined  in  the  general  Technical  Plan  (ICF  K£  1992)  for  risk  and  biological 
impact  assessment  at  APG. 

Beach  Point  is  a  peninsula  located  immediately  adjacent  to  the  mouth  of  Kings  Creek,  a  major 
tnbutary  to  the  Bush  River  that  drains  a  large  number  of  the  chemical  storage  and  research  and 
development  areas  at  APG.  As  the  former  location  of  propellant,  smoke,  and  pyrotechnic  testing 
activities,  as  wells  as  chemical  protectr/e  clothing-impregnating  operations,  the  Beach  Point  site  is 
known  or  suspected  to  be  contaminated  with  various  industrial  solvents  and  military-related 
compounds,  and  may  be  impacting  the  aquatic  environment  in  nearby  Kings  Creek  and  the  near-shore 
areas  of  the  Bush  River. 

This  workplan  outlines  the  approach  to  be  used  to  evaluate  potential  risks  associated  with 
chemical  contamination  in  groundwater  at  the  Beach  Point  site.  The  risk  assessment  will  focus  on 
fnnential  impacts  in  aquatic  life  inhabiting  nearby  areas  in  Kings  Creek  and  the  Bush  River,  because 
aquatic  species  are  the  receptors  potentially  at  greatest  risk  &om  exposure  to  chemicals  released  from 
groundwater.  Potential  human  health  risks  associated  with  exposures  to  chemicals  released  to  surface 
water  from  groundwater  will  be  evaluated  qualitatively. 

The  risk  assessment  will  consist  of  five  principal  steps:  (1)  identification  of  chemicals  of 
potential  concern:  (2)  receptor  characterization;  (3)  exposure  assessment:  (4)  toxicity  assessment:  and 
(5)  risk  characterization.  The  basic  components  of  each  of  these  steps  and  the  proposed  approach 
for  conducting  the  Beach  Point  groundwater  risk  assessment  are  outlined  below. 


iO  SELECTION  OF  CHEMICALS  OF  POTENTIAL  CONCERN 

The  first  step  of  the  risk  assessment  will  be  to  review  the  results  of  available  environmental 
sampling,  as  well  as  other  site-specific  information  to  identify  cbemicais  of  potential  concern  fur 
detailed  study  in  the  risk  assessment  Factors  to  be  considered  in  selling  a  chemical  of  potential 
concein  include  the  chemical's  relatedness  to  the  suspected  source  or  to  past  activities  at  Beach  Point 
and  the  relationship  of  the  sample  chemka)  concentrations  to  the  background  levels  of  the  chemical 
(i.e..  principally  for  inorganic  chemicals).  Dau  collected  by  USGS  (I989a,b)  as  part  of  a 
hydrugeutogical  study  of  the  Canal  Creek  area  will  be  used  along  with  data  to  be  collected  by  Jacobs 
Engineering  Group  Inc.  (Jacobs)  as  part  of  the  current  study  to  select  cbemicais  of  concern.  Based 
on  the  information  collected  to  date,  the  principal  chemicals  of  concern  in  groumlwater  at  Beach 
Ptitnt  are  volatile  organic  chemicab  and  some  metals. 
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3.0  RECEPTOR  CHARACTERIZATION 


After  the  chemicals  of  potential  concern  have  been  selected,  the  populations  (receptors)  that 
could  be  exposed  to  chemicals  in  groundwater  will  be  identified. 


For  this  assessment,  it  will  be  assumed  that  the  primaiy  receptors  of  concern  in  the  Beach 
Point  area  are  aquatic  species  that  could  be  exposed  to  chemicals  released  from  groundwater  to 
surface  water  and  sediment 


The  principal  aquatic  receptors  for  this  assessment  are  assumed  to  be  those  occupying 
groundwater  discharge  areas  near  Beach  Point  Benthic  and  water-column  invertebrates,  including 
clams,  isopods,  and  insects,  are  probably  common  in  the  area.  A  variety  of  fieshwater  and  estuarine 
fish  also  occur  in  the  area.  Rsh  species  that  have  been  caught  in  Kings  Creek  include  carp  {Cyprinus 
carpio),  channel  catiSsh  (Ictaluius  puncuitus),  menhaden  (Bnvooftia  tyrannus),  drum  (Sdnenidae), 
minnows  (Cyprinidae),  wUte  perdi  (Morone  americana),  yellow  perch  (Perea  flavescens),  and  gizzard 
shad  (Dorosoma  cepediamon).  Other  fish  species  likely  include  blueback  herring  (Alosa  aestivalis), 
aiewife  (Alosa  pseudoharertgus),  bay  anchovy  (Anchoa  mhchilli),  atlantic  silverside  (Menidia  menidia), 
and  hogchoaker  (Trinectes  maculatus).  Most  of  these  species  probably  use  Kings  Creek  and  the  Bush 
River  near  Beach  Point  as  a  nurseiy  area. 


3Jt  Human  Receptors 


Human  use  of  the  Beach  Point  area  is  limited.  The  closest  human  receptors  occupying  the 
area  on  regular  basis  are  workers  at  the  sewage  treatment  plant  located  near  the  southern  portion 
of  the  Beach  Point  peninsula.  Commercial  and  recreational  fishing  fiom  boats  occurs  in  the  Bush 
River  (no  fishing  occurs  in  Kinp  Creek).  The  nearest  residents  are  in  the  Canal  Creek  area,  located 
one  to  two  miles  west  of  Beach  Point  There  are  no  water  supply  wells  located  on  Beach  Point 


4.0  EXPOSURE  ASSESSMENT 

After  the  potential  receptors  have  been  identified,  the  pathways  by  which  they  may  be 
exposed  to  chemic^  of  potential  concern  will  be  identified.  All  complete  exposure  pathways  will  be 
evaluated  quantitatively  or  qualitatively  in  the  risk  assessment 

4.1  Ecotetkel  EraoiBiti 

The  principal  exposure  pathway  of  concern  in  the  Beach  Point  area  is  release  of  cbemicab 
in  groundwater  to  surface  water  with  sidnequent  oqxMure  of  aquatk  life.  Aquatic  life  living  along 
and  ad^aoeot  to  the  Beadi  Point  ahorelioe  to  the  groundwater  diicharfe  zone  could  be  mqmied  to 
chemicals  present  to  surface  water  m  respiratidn  (le.,  uptake  over  the  gilts)  or  via  direct  ingestion 
of  surface  water,  although  the  latter  route  is  not  likely  to  result  to  significant  exposure  relative  to 
respiration.  Sessile  and  iett  mobile  benthic  species  are  suitseptible  to  the  greatest  impacts  as  these 
speci)@  ciimoi  move  out  of  the  cootimtoated  area  to  reduce  exposures.  are  less  susceptible  to 

large  exposures  as  ttosse  species  can  move  out  of  the  contamtoaied  area.  Further,  because  they 


generally  range  over  a  much  larger  area  than  benthic  species,  fish  are  likely  to  spend  a  much  smaller 
proportion  of  their  total  time  near  the  Beach  Point  shoreline. 

Aquatic  life  also  may  be  exposed  to  chemicals  released  from  groundwater  that  sorb  to 
sediments.  The  primary  pathways  by  which  sediment  exposures  can  occur  is  via  direct  contact  and 
ingestion  of  sediment.  E:qx3sure  via  respiration  can  occur  as  chemicals  are  released  (desorbed)  from 
sediments.  Benthic  species  are  most  susceptible  to  exposures  as  these  species  live  in  sediment  and 
thus,  can  be  in  constant  contact  with  contaminants. 

4.2  Human  Exposures 

No  pathways  exist  by  which  human  populations  could  be  exposed  directly  to  chemicals  in 
groundwater  or  to  groundwater  chemicals  release]  to  surface  water  or  sediment  As  discussed  above. 
There  are  no  water  supply  wells  at  Beach  Point  Additionally,  neither  Kings  Creek  nor  the  Bush 
River  downgradient  of  Beiu:h  Point  are  used  for  drinking  water  supplies.  Further,  no  swimming  or 
wading  occurs  in  the  area. 

Persons  in  the  area  could  be  exposed  to  chemicals  that  have  volatilized  to  air  as  most  of  the 
organic  chemicals  detected  in  groundwater  to  date  will  partition  to  air  once  released  to  surface  water. 
Persons  fishing  in  the  Bush  River  near  Beach  Point  and  persons  working  at  the  sewage  treatment 
plant  could  be  exposed  via  inhalation  to  chemicals  that  have  volatilized  fiom  surface  water  and 
dispersed  to  these  receptors.  Based  on  the  groundwater  and  surface  water  sampling  data  collected 
to  date,  such  exposures  are  not  likely  to  be  large,  given  the  relatively  low  concentrations  of  most 
volatile  organic  chemicals  and  the  distance  to  potential  receptor  points.  However,  these  exposures 
will  be  evaluated  qualitatively  in  the  risk  assessment 

Chemicals  present  in  surface  water  could  accumulate  in  aquatic  life,  resulting  in  exposures  of 
humans  ingesting  aquatic  life  from  the  area.  Food-chain  exposures  are  expected  to  be  of  minimal 
concern  in  the  assessment  because  volatile  organic  chemicals  (the  principal  chemicals  of  concern  in 
the  groundwater)  do  not  accumulate  to  any  appreciable  degra:  in  aquatic  life.  Exposures  via  this 
pathway  will  be  evaluated  qualiutively  in  the  ri^  assessment 


S.0  TOWCmf  ASSESSMENT 

Chemtcab  of  potential  concern  will  be  characterized  with  respect  to  their  toxic  effects  in  the 
selected  receptor  species. 

S.1  AqM!k.,l9xKttr 

The  results  of  bioasMys  conducted  on-site  with  Beach  Point  groundwater  will  be  used  to 
assess  the  potential  aquatic  toxicity  of  cfaemicab  of  potential  concern.  The  principal  data  to  be  used 
will  be  those  obuined  from  tbe  fotiowiD|  groundwater  assays:  (1)  Seletiastrum  eapricoftmuim  growth 
assay;  (2)  Ceriodaphnia  dubia  survival  and  reproductkxi  aiuy:  (3)  Pimephates  promeUu  survival  and 
garwth  assay:  and  (4)  Microiox  asMy.  These  data  will  be  supplemented  ^  the  results  of  tbe  Microtox 
assays  conducted  on  sediment  pore  water  collected  from  tte  groundwater  discharge  zone  in  Kinft 
Cre^  to  estimate  potential  toxic  effects  in  aquatk  species  inhabiting  nearby  surface  waters. 


Bioassays  conducted  with  100%  groundwater  and  sediment  pore  water  will  be  used  to  evaluate 
potential  aquatic  toxicity  directly  in  the  area  of  groundwater  discharge.  This  will  represent  an 
evaluation  of  the  "worst-case"  scenario.  Bioassays  conducted  with  diluted  groundwater  will  be  used 
to  evaluate  potential  toxicity  in  areas  of  Kings  Creek  and  Bush  River  that  are  outside  of  the 
immediate  groundwater  discharge  area. 

Human  Toxicity 

The  potential  human  toxicity  of  the  chemicals  of  concern  will  be  discussed  qualitatively  in  the 
risk  assessment  Therefore,  no  quantitative  criteria  will  be  presented.  General  EPA  reference 
documents  (e.g.,  IRIS,  health  assessment  documents)  will  be  us^  as  the  source  of  qualitative  toxicity 
information. 


6.0  RISK  CHARACTERIZATION 

Potential  aquatic  life  impacts  will  be  characterized  based  on  the  results  of  the  site-specific 
bioassays,  as  well  as  infonnation  (or  estimates)  on  the  size  and  location  of  the  groundwater  discharge 
zone  and  the  likely  fate,  transport,  and  dOution  of  chemicals  discharged  from  groundwater  to  Kings 
Creek  and  Bush  River.  These  results  will  be  used  along  with  chemical  analytical  data  to  identify  (to 
the  extent  possible)  the  particular  chemicals  or  chemical  groups  that  are  driving  the  toxic  response. 
The  focus  of  the  risk  characterization  will  be  potential  impacts  on  the  aquatic  populations  and 
communities  of  Kings  Creek  and  Bush  River,  rather  than  on  localized  impacts  on  individuals 
inhabiting  the  discharge  zone.  This  approach  is  consistent  with  EPA’s  general  guidance  regarding 
the  scope  and  objectives  of  ecological  assessments  (see  EPA  I989a,b). 

Potential  human  health  impacts  will  be  evaluated  by  qualitatively  comparing  estimates  of 
exposure  with  toxicity  information. 
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Maryland  Institute  for  Agriculture  and  Natural  Resources 

AGRICULTURAL  EXPERIMENT  STATION 

U'ye  Research  and  Education  Center 

November  2,  1992 


Ms.  Franc ine  J.  Gordon 
Jacobs  Engineering  Group  Inc. 

1212  New  York  Avenue,  N.W.,  Suite  1050 
Washington,  DC  20005 


Dear  Franc ine: 

Enclosed  in  a  copy  of  ASTM  Designation  E  1391-90  which  is  a 
standard  guide  for  working  with  sediments.  To  my  knowledge, 
there  is  no  EPA  SOP  for  isolating  pore  waters.  Section  11 
describes  several  methods  for  collecting  pore  water.  We  use  the 
centrifugation  method  described  in  the  second  paragraph  on  page 
1144.  The  standard  guide  also  contains  recommendations  for 
t  sediment  holding  times  (Table  2;  page  1142). 

I  recommend  that  you  consider  running  EPA  7-day  chronic 
toxicity  tests  with  both  an  invertebrate  and  fish  for  the  10 
samples  at  Beach  Point.  It  appears  that  estuarine  organisms 
should  be  used  since  the  Bush  River  and  the  lover  part  of  Kings 
Creek  are  low  salinity  areas.  It  is  also  ay  understanding  that 
the  groundwater  is  high  in  dissolved  solids.  The  two  EPA 
recommended  species  that  probably  should  be  considered  are  the 
nysid  and  a  silverside.  As  I  discussed,  if  estuarine  epeoies  are 
used,  it  will  be  necessary  to  add  salt  to  the  test  mediua. 

If  we  have  a  little  time,  we  could  consider  two  freshwater 
organisms  which  can  tolerate  low  salinities.  This  would  avoid 
having  to  add  large  amounts  of  salt.  I  will  look  into  the 
species  issue  and  get  back  to  you. 

If  you  need  more  information,  please  let  me  know. 

Sincerely  yours, 

9  . 

Dennis  T.  Burton,  Mi.D. 

Senior  Research  Scientist 


Enclosure 
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Maryland  Institute  for  Agriculture  and  Natural  Resources 

AGRICULTURAL  EXPERIMENT  STATION 
Wvt  lUsufch  and  Education  Center 

S«pt«Bb«r  28,  1992 


U.S.  Aray  Aberdeen  Proving  Ground 

Directorate  of  Safety,  Health,  and  Environaent 

STEAP-SH-EE 

ATTN:  Michael  Xanovitz 

Aberdeen  Proving  Ground,  KD  21005 

RE:  Information  for  Beach  Point  Biomonltoring  Study 

Dear  Mr,  Kanowitz: 

Enclosed  in  a  brief  statement  of  vork  which  explains  the 
study  we  will  be  conducting  for  USARBOL  this  GFY93  at  Beach 
Point.  As  discussed  in  our  meeting  on  September  14,  1992,  with 
Vicky  eviertnie,  we  would  like  to  explore  the  possibility  of 
discharging  a  maximum  of  el  gallon  of  groundwater  (well  33b) 
mixed  with  e2  gallons  of  dechlorinated  APG  tap  water  to  the  APG- 
EA  Wastewater  Treatment  Plant.  The  enclosed  document  shows  the 
concentrations  of  contaminants  that  are  expected  to  be  present  in 
the  groundwater  from  well  33b  at  Beach  Point* 

Please  call  me  after  you  have  considered  my  request  so  that 
Z  will  know  how  to  proceed.  Z  appreciate  your  help 


Sincerely  yours. 


Dennis  T.  Burton,  Ph.D 
Senior  Beseareh  Scientist 


cc:  T.X.  Shedd 
V.  Cwiertnie 


Enclosure 
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2.  Chronic  toxicity  tests 


a.  Green  algal  grovth  test**  The  potential  toxicity  (96-h 
ECSO  for  gro%rth}  of  the  groundvater  to  Selenastnua 
eaprieomutum)  will  be  detemined  three  tines  at  2~ 
month  intervals  by  the  procedure  EPA/600/4-89/001. 

b.  Daphnid  survival  and  reproduction  test«  The  chronic 
toxicity  of  the  groundvater  to  Cerieda^>hnia  dubia  will 
be  detemined  three  tines  at  2*'Bonth  intervals  using 
the  procedure  EPA/600/4-89/001.  All  tests  will  be 
started  vith  neonates  <24  h  old. 

c.  Fathead  minnow  survival  and  groirth  test-  The  chronic 
toxicity  of  the  groundwater  to  fathead  minnoif 
fPimephales  fimsOaa)  vill  be  determined  three  times  at 
2-Bonth  intervals  using  the  procedure  BPA/600/4-89/001. 
All  tests  will  be  started  vith  larvae  <24  h  old  at  the 
start  of  the  test. 

3 .  Mutagenicity 

Genotoxicity  potential  will  be  determined  using  the 
Sa  Iwonel  la/manmal  ian-microsome  reverse  mutation  assay  (Ames 
test) .  The  assay  will  be  performed  three  times  at  ;.-month 
intervals  on  k»oth  raw  groundwater  and  diluent  water.  The  assays 
will  be  conducted  by  Kazelton  Washington,  Vienna,  VA,  on  both 
unooncentrated  and  concentrated  (lOX  via  XAD-2  resin  extracts)  • 
samples  of  the  groundvater  and  diluent  water* 

4 .  Teratogenicity 

Developmental  toxicity  will  be  determined  by  the  96-h  frog 
embryo  teratogenesis  assay-Xenonum  (FETAX)  using  ASTK  Designation 
B  1439-91.  PETAX  will  ba  performed  three  timet  at  2-month 
intervals  undar  flow  through  conditions  using  Xenomua  laevia 
stage  t  bUetulae  to  normal  stage  11  gestrulae  at  the  initiation 
of  the  test. 


S.  Csrcinogenieity 

the  Japanese  aedakm  (fiOCXiil  letiaem)  will  be  seed  in  e  d- 
Bonth  eentlnuotts  tsemy  to  test  for  environmental  pollutants  in 
tlM  greondweter  which  may  induce  neoplmsns,  loth  unempoeed  and 
ei^ryoe  Inltlatad  vith  diethylnitresamine  will  be  used. 
Procedures  developed  by  USABRDL  will  be  felloved  for  ell  pluses 
of  the  study. 

d.  Chemical  analyses 

Cemprehsnsive  chaaleel  snslyeee  including  the  priority 
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pollutants  will  ba  psrfor&ad  bafors  tha  biononitoring  studias  are 
initiatad  on  both  tha  groundvatar  and  dachlorinatad  tap  vatar. 
Sinca  it  is  anticipated  that  tha  lajority  ot  groundwater 
contaainants  are  volatila  organic  compounds  (see  attached  list} , 
the  comprehensive  cheaical  analysis  of  tha  groundwater  nay  be 
modified  to  focus  on  the  VOCs  for  the  6-aonth  study.  This  would 
allow  us  to  make  more  frequent  analyses  of  the  VOCs  during  the 
study. 

The  following  routine  vatar  quality  analyses  will  be  taken 
daily  on  all  carcinogen  and  diluent  water  tanks:  dissolved 
oxygen,  pH,  and  temperature.  In  addition,  alkalinity,  total 
aminonia~nitrogen,  hardness,  and  conductivity  will  be  measured 
twice  a  week  in  all  tanks.  Total  residua}  and  free  available 
chlorine  will  also  be  measured  two  times  per  week  in  the 
dechlorinated  diluent  water  tanks. 

Mdjtjgpal  Task? 

Dr.  Dennis  T.  Burton,  Principal  Investigator,  will  be 
responsible  for  project  coordination,  writing  of  reports,  and 
quality  assurance.  USASaoi*  approved  SOPs  will  be  used  for  all 
phases  of  the  study  conducted  both  on-site  and  off -site. 

Quarterly  technical  progress  reports  will  be  submitted  to  USABROL 
during  the  project. 


TAILE 

ANALYTICAL  RESULTS  FROM  USSS  6R0UN0MTER  TESTINS 


BEACH  POIITT  SITE  >  ABERDEEN  PR0VIN6  GROUND 

to 

RESULTS  M/1) 


CHEMICAL 
Toluene 
Ben2ene 
Ethylbenzene 
Chlorobenzene 
Carbon  Tetrachloride 
Chloroform 
Methylene  Chloride 

1 . 1 . 2 .2-  Tetr ach 1 oroe  thane 

1.1.2- Trlchloroethane 

1.2- Olchloroethane 
I.IOIchloroethane 
Tetrachloroethylene 
Trichloroethylene 
1,1-Dlchloroethylene 

1 .2»Trans*0l€h1eroethy lent 
Vinyl  Chloride 


RANGE  OF 
CONCENTRATIONS 

arithmetic 

MEAN  CONC.’ 

<.4  -  2 

•  .0.2 

<.5  -  <25** 

0 

<.4  •  <20** 

0 

<.6  -  2*** 

0.25 

<l.S  -  <75** 

0 

2.0***  •  $6 

16.9 

3.S  -  14 

5.9 

<1.4  -  9,030 

2,244 

2.0***  •  30 

18.6 

<1,5  •  <7S** 

0 

<1.0  •  <50** 

0 

<1,5  •  64 

43.6 

1.7  •  935 

345.5 

<1.9  •  <96** 

0 

<1.6  *  610 

347.0 

^  V\ec^  >'ttC  5 


NO.  OF  TIMES  DETECTED 
PER  NO.  OF  SAMPLES 


1/12 

0/12 

(Id- 

0/12 

2/12 

St 

0/12 

9/12 

9/12 

•» 

7/11 

5/12 

0/12 

0/12 

5/12 

9/n 

0/12 

<U3  •  <6$**  0  0/12 

*  Simples  with  results  beloi^  detection  limit  estuNd  to  have  0 
concentration. 

**  Seoplo  wit  dllutodl. 

•***  IstlMted  concent  ret  len*  peek  present,  but  concentretlon  below 
reported  detection  11«U. 


•  Tafelo  2.2  vet  takon  Ctoa  the  Collovlim  report:  Proposed 

plan  for  Saach  Point  Site  Al>erdeen  Proving  dround,  Maryland.  » 

*  July  ISfO.  k&a  Xntaznatiooal,  Ine.,  Aberdeen,  NO. 
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Standard  Guide  for 

Collection,  Storage,  Characterization,  and  Manipulation  of 
Sediments  for  Toxicological  Testing^ 

'nutsUBdaid  aiwiad  undo  the  fued  descaaben  E  1391;  the  number  i»medi«iel>  foUowiai  the  deeiinaiion  indiatee  the  year  of 
oticiMl  adopiioa  or,  in  the  cate  of  revnion.  the  year  of  tan  iwiiioa.  A  number  in  ptieniheso  iadicatta  the  year  of  Ust  (canpcoval.  A 
aupencripi  epbloa  (0  ladieato  *a  editorial  ehaafe  aace  the  las  revition  or  irappioraL 


J.  Scope 

'*  ].i  This  guide  covers  procedures  for  obtaining,  storing, 
Jkiractetuing.  and  manipulating  saltvvater  and  freshwater 
^diments,  for  use  in  laboratory  sediment  toxidty  evalua- 
It  ia  not  meant  to  provide  guidance  for  all  aspects  cf 
^ment  assessments,  such  as  chemical  analyses  or  moni* 
priogt  geophysical  chancterization,  or  extracuble  phase/ 
^Ktionation  analyses.  Some  of  t^  information  might, 
^ywever,  have  applications  for  some  of  these  activities, 
jletbodological  considerations  which  affect  toxicity  studies 
(ill  be  reviewed  and  tbe  apparent  consensus  approach  for 
et  methods  discussed.  Currently,  the  state-of*the>art  U  in  its 
hfrmcy,  and  the  ttevelopmeot  of  standard  methods  is  not 
feasible;  however,  it  is  crucial  that  there  be  an  understanding 
tf  the  significant  effect  which  these  test  methods  have  on 
•dinient  quality  evaluations.  It  is  anticipated  that  recom> 
•ended  test  methods  and  this  guide  will  be  rouUnely 
ipdated  to  reflect  progress  in  our  understanding  of  sediments 
lad  how  to  best  study  them. 

1.2  There  are  several  regulatory  guidance  documents 
(l«Ig)’  concerned  with  sediment  collection  and  chaniaer* 
iation  procedures,  which  might  be  imporuni  for  individuals 
perfonning  Fcdetal  or  State  ageney^related  work.  Oisctosion 
ef  some  ^  the  principles  and  current  thoughts  on  these 
ipproaches  can  be  fouiid  in  Dickson  et  al.  1987  (17). 

1.3  This  guide  is  arranged  as  frsUowi 


SWMury  dOw4i 
Sawflawt  wd  (/■ 
UttrKrttnws 

AffWtIM 
Sitoy  UtiHii 

Tmw»>w 

Stwilt 

Oilwieii  «f  tuitiaum  Wm 

ChuiMnittiM 


OmM)  amimms  i« 

^  a«lMn  IS 

1.4  Field  eoQecnd  sedtrnents  might  eoniaio  potentially 
ttxk  maieriab  and  thus  should  be  treated  with  caution  to 
■iaimixe  octupttiooal  expoiare  to  workeat  Worker  safety 


'  TIm  itudc  d  Mitt  ltd  /wwlrnMA  W  ASTir  Cmmwum  (•4'?  on  i»oia|>ctl 
tihcu  ud  Eitt'KwimtAUl  F«»  bad  n  diKin  wuwmSiSiy  <f  StAMMiiMt 
uroiM  SvaMCM  Tdwcalbm' 

CwttM  dMtM  iMwmtd  Not  30.  ifdO  KbtaWd  tuuM*  idft 
*  b»U(W»  MMm  a  mNWaMHb  •il»‘ to  at  M  WltSWMnS  M  Ite 

Waatwdt 


must  also  be  considered  when  working  with  spiked  sedi¬ 
ments  containing  various  organic  or  inorganic  contaminanu. 
or  both,  and  those  that  are  radio-labeled.  Careful  consider¬ 
ation  should  be  given  to  those  chemicals  which  might 
otodegrade,  volatilize,  oxidize,  or  pbotolyze  during  tbe  test 
period. 

1.5  This  standard  does  not  purport  to  address  ail  of  the 
scfety  prtddem  associated  with  its  use.  It  is  the  responsibility 
of  the  user  of  this  standard  to  estabiish  appropriate  safety  and 
health  practices  and  determine  the  applicability  of  regulatory 
Imitations  prior  to  use-  Specific  hazard  sutements  are  given 
in  Section  1 

2.  Referenced  Documents 

2.1  ASTM  Standards' 

D 1 129  Terminology  Relating  to  Watcr^ 

04387  Guide  for  Selecting  Grab  Sampling  Devices  for 
Colleeting  Benthic  Macroinvenebrates'* 

04822  Guitfe  for  Selection  of  Methods  of  Panicle  Size 
Analysis  of  Fluvial  Sediments  (Manual  Methods)** 
D4823  Guide  for  Core  Sampling  Submerged.  Uncon¬ 
solidated  Sediments’ 

E  729  Guide  for  Conducting  Acute  Toxicity  Tests  wnh 
Fishes,  Macroinvenebrates.  and  Amphibians^ 

E  380  Practice  (br  Using  the  International  System  of  Units 
(SI)  (the  Modernized  Metric  System)^ 

E943  Termmoiogy  Relating  to  Biological  Effectt  and 
Eaviroomental  Fate* 

£  1023  Guide  (br  Assessing  the  Hiurd  of  a  Material  to 
Aquatic  Organisms  and  Their  Uses* 

E  1293  Oukte  for  Conducting  Three  Brood  Renewal 
Toxicity  Tesu  with  Ctriodaphnta  dubta* 

E  I3$7  Guide  for  Conducting  tO^y  Satie  Sediment 
Toxicity  Tests  with  Marine  and  Estuarine  Amphipods' 

3.  Termiaokey 

3.1  The  words  “tnim,’'  ‘’should,**  “may,*  “can,-  and 
“tn^i*  have  very  tpeci()c  manings  in  this  guide.  “Must*  is 
used  to  express  an  aMoiuic  Rqitire^i,  that  is,  to  sate  that 
the  test  ought  to  be  desigfled  to  latis/y  the  specified  condi¬ 
tion,  unlctt  tbe  purpose  the  test  nquires  a  difTereni  design, 
’^ust*  is  only  used  in  oonncctioo  with  the  (SKton  that 
directly  ttlate  to  tbe  acceptability  of  the  tesL  "^loukF  is 


*  .Umar  Pptk  tfnStM  Simittet.  vu  ii  Ol. 

*  Utmui  SmZ  ifnStSi  SXiWboei.  VqI  I  I.M. 
>  aari  4nStyt  Stttlietet.  v«i !  I  o: 
«  Wow  aw*  ifnStsi  SittMtex  Vqi  utU. 
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TABLE  1  SunwiMy  o(  Bettom  Sampling  Equipmant* 


Oav«a 


Um 


AovimaQw 


Ftarccamon  ppMc  or  Qia$»  Tuba 


Hind  Corar  witi  ramovaoia 
nuoneamoRpMe  or  $|Ms  Mn 


Qtaniy  oonn.  mat «.  PNagir  Corar 


Voutp  Giab  (ikiaroeamon  (ttstc- or 
hynar-mao  nodMad  0.1  m*  vir 
vaan) 

QananoraoaOndga 


PONAA  Qrab  Sacneiar 


•Mt^jmaianCanr 


Vanvami 


Snaiow  wai^aM  watara  or  oaap 
watara  a  SCUBA  avaMtaa.  Soft  or 
tana  rnoiratiatari  rtafawi 


Sama  as  abova  aicapt  mota 
oonaoidatad  aadanaiaacaft  ba 


Oaao  WMA  naan.  aM  assMnaa. 
UMkAoaaaM.  Hum  clay 


Sampmg  > ’'4«a<9  <Murt  Bom  a  tnas 


Oaap  aaaa.  man.  am  taa«m 
uiaM  an  waai  adaawaa 

Uaaa  (Niwair  *  tnanna  Milan  and 
aarpa  aaaar  Bnaa  and  nwmaaa 


OMfilpiawionBSiiamHaiwiiaOna  Oaap  anaa.  man.  wdaaMnaa 

UMW  on  man  tubaaaaM. 

Boaaaa.OniBw«iaaa  oanaaai  amwawana  laamiitnoA 

BKHnandaubaaiai 


Praaarvas  layamg  arM  pamm 
tMtoneal  study  ol  sadmam 
daposittctt.  Baom-ianpias 
rnnadoniy  raady  for  laboratory 
Mpmant  Minimal  rtik  of 
ooniananabon. 

Han^  prewda  tar  gnatar  aasa  ol 
suoamaia  panaoaaon.  Aboaa 


Samaaaibon 

Oaap  laMa  and  man.  Sam- 
consoiditad  aMmanta. 


Uakaa  aM  mama  araaa 


Soft  ID  samMOfi  ladimanta.  Can  ba 
waad  a«Ri  boat  bndga.  or  par  ft 
watan  oi  nnoui  dfpma. 


Oaao  lafcas.  man.  and  astuana* 
UMM  on  sand.  sat.  or  day. 


wnan  oi  M  It  daao  wmn  iMd  wm 
aiianaan  ma.  Son  ta  lam 


Coaaoicn  ot  larga  sampia  iMtatubad 
aaontmg  tar  sMsamping. 

Low  nik  m  sampia  contamataaon. 
MaMama  aadman  imonty 


EMnaiaa  matai  ooattamnaaon 
Haduoad  bow  wakt 

Otaaata  a  largar  aampia  man  conng 
uai.  Can  ba  ubaamand  mraugp 
baaU. 


Moat  uwataal  pab  sampar.  Adaquata 
on  moat  substroiM  Lwpa  sampta 
obtamad  ntao.  oamanng 
aubsamping 


Aston  powaaa  tat  giaaMr  lanpia 


Adaguataon  moat  auoavatta.  uarga 
aampta  obtamad  macu  pamiMmB 
awbaarptag. 


Sattnanid  oordgtnaon  linn 
lanpinp  wban  omat  dawDia  osHd 


Laiga  sampia.  can 


Saapai  taamat  ttiay  w  ppanad  10 
parml  luaaantparg  BMaata  Baa 
panad  iddmania  aHacmtip 
Oaagatd  tar  tpapiMg  Ban  Bybwana. 

masaaraM.  aaay  la  BanBa 


Smal  sampt  Si»  raqufM 
sampmg. 


CawMtmidBiqnaeasswvte^ 
tataapa- "aquras  ramoM 
bataranpaaovtspi^ 

d  matal  oontanwiapin  BttaSy* 

andcencunar. 

HatdtohpiPa 

Carau  rtanPng  nacassary 
sadtatant  spiiaga.  Smp  sm^ 
mqum  raptbAn  opanoon  M 
nmowPPiinars.  Tltma 
EapanSMa.  Raqurta  wncit 


Aoasibla  ineompitit  law  poatn  M 
tampia  isaa.  Poaaibia  sMot  WH 
«npt  may  Paitfb  ma  tana. 

cpnaotcwn  may  fttoduea 
ccnawmants.  aoaaMatamp 
•inaa*  «t  nmant 
SAoPt  wan  mom  daacant  nwy 
'Dnaa'.  l>os«Ota  noomptata  otaiM 
P  pm  naPis  n  sampa  loaa 
ioastaia  oentammaaon  from  BMP) 
Bama oonauucuon  Sampaimpii, 
ttftaw  ptaparad  tat  anpysa. 

Com  nut  ba  asmmo  on  an  as 

oatp  oanaman— wttp  bM«u 

fttaowea  naa  d  rnatp 
corpimnaaan 

Sbodt  wan  Bern  cpioani  mn  omm 
'tnat'  neataia  inconpata  apaw 
d  pm  nwiM  m  sampia  taaa. 
modBHa  ooMimraaon  tom  apH 
Bvnaoanntcban  Samptamupaa 
Batar  papand  tar  anpyip. 
BanBia  ommwapon  Bon  mim 
pPtaBupBcn  SuBaamdng  djtattP 
tad  adactata  tar  mmpinqBAa 


MHwy.maytaMnitwiMn  taacmwla 
to  pimai  MbaanpinB.  tal  a«« 
Ptadnraagaa  al  Itman  and  Barar 

vV^VTWnBn  VQm  nIMI 


VaaadiraH  Naaar~ittay<«ama 
fawn  masipai  mttp  oaraanataaar 
uaa  at  taw  on  taiiiam  fMMpt  1 


used  «»  «tie  ihti  the  ipccir«e4  coodiiioa  is  tccommeitd^ 
BDd  ou|^  to  be  m«  in  mon  lests.  Alihou^^  « «iobU<N>  ti( 
OM  ’‘sjhNid*  b  nidy  s  leHout  mMter,  vioUtion  o*'  sevsrB) 
ta4B  otka  (taderthe  ttsuluquestkMUbie.  Tentt*  luch  iit"b 
desinriikL*  "b  oftea  desiiabtc."  Bad  bt  m 
used  ii  coaaeciioa  taiih  lesB  UaiiortAAt  Iktcn.  “hiBy*  b 
tMid  to  BMia  "b  (tie)  iltotared  to.”  "cia'  b  ufnd  to  mesa 
(Btc)  able  to.*  sad  ‘mtihi*  b  used  to  meia  'could  posstbty.* 
Tfcu^  the  daak  dbttaetioo  ^«cea  'iiu>*  sad  *eui*  b 


pitsemd.  soO  'taisai*  b  sever  used  as  s  tyaonyta  for  eiUier 
•tas>‘*  ct  “csa.* 

3J!  <Sefi«iiiloib  of  terms  used  ta  Uut 

fuide.  reftr  to  Guide  E 12S.  Termiiiokigy  E  943.  and  Term!' 
adoiQi  0 1 129.  sad  Guide  D43I;?;  for  to  eApUasiioa  of 
uaittsfld  symbob.  leiSer  to  Ennkf  E  3S0. 

4.  SoasMonr  of  Guide 

4.1  This  guide  provides  s  levietir  of  widely  ut»!  metHodt 
to  coBeci.  Stott  tdaiamrittL  sad  msBipulate  sedimeou  for 
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jty  tesdaf.  Where  the  sdenoe  permits,  recommeada- 
are  provided  on  which  procedures  are  appropriate. 
>  idend^dnt  their  limitatioas. 

^^igsUicaece  aad  Dae 

Sediment  toxicity  evaluations  are  a  critical  compo- 
^  of  environmental  quality  and  ecosystem  impact  assess- 
;  used  to  meet  a  vari^  of  lesroich  and  regulatory 
'^jectivei 

yi2  The  manner  in  which  the  sediments  are  collected, 
^ed,  characterized,  and  manipulated  can  greatly  influence 
^  remits  of  any  sediment  quality  or  process  evaluation.  Ad- 
^0Sins  these  variables  in  a  systematic  and  unifonn  manno’ 
^  aid  interpreutions  of  sediment  toxicity  or  bioaccumula- 
^  faults  and  may  allow  comparisons  between  studks. 


r, 

^{itcrfircacea 

g,I  Maintaining  the  integrity  of  a  sediment  environment 
^(isg  its  removal,  transport,  and  testing  in  the  laboratory  is 
tfoemely  diiScult  The  sediment  environment  is  compel 
myriad  of  microenvironments,  redox  gradients,  and 
^her  interactittg  physicochemical  a^  biolo^cal  processes. 
Ilany  of  these  characteristics  influence  sediment  toxicity  and 
Availability  to  bentbk  and  planktonic  organisros.  micro- 
tial  deg;^tioa.  and  chemical  soipdoo.  Any  disrvptioo  of 
tkb  environment  complicates  ioterpreutioos  of  treatment 
causative  fiacton  and  in  situ  comparisooi  For 
gIdiUAoal  infoniiatioD  see  Sectioo  9. 


%  Aiparatw 


7.1  A  variety  of  sampling,  characterizatioa.  and  manipu- 
hcoo  methods  exist  using  difletent  equipment  These  ate 
atriewed  in  Sectioos  9  throui^  I4. 

7.2  Cltwwi^ltA  chainbers  and  equipment  used  to 
pteput  and  stoie  dilution  water  and  itodt  solutions  should 
le  cleaned  before  use.  New  and  used  sample  eontaincis 
iheuld  be  washed  followiog  these  sicpat  (t)  non-phosphate 
dRcttent  wash.  (2)  triple  water  rinse.  (3)  «au^mbcible 
sritM  solvent  wash,  (acetone  followed  by  pcsbeide  grade 
lexane  (2. 1),  (4)  water  rkoe.  (S)  add  wash  (such  as  5  % 
mftceniratcd  hydrochloric  add),  and  (6)  triple  rinse  wnh 
dnofltied-dittiltcd  water.  Aiierii^  this  ekanim  proccdu*e 
Ai^  itsuli  in  probtertu.  Many  orguiic  solvrots  tn'4hi  leave 
I  Mm  that  it  insoluble  in  water  (Step  3).  A  dkhromate- 
atlfuric  add  deaning  solutioo  can  froeially  be  used  in  plam 
efbMh  the  ottank  solvent  and  the  add  (Steps  3  through  S). 
hi)  ft  mi(^t  attack  lilkoee  adBusivc.  (See  9.I0  (or  denning 
daring  san^pie  oolkciioa.) 


i  SalMy  Malaria 

t.l  Many  substanom  can  advetsdy  affiect  butnans  if 
adequate  pieesutions  are  not  taken.  Informatioo  on  toxkiiy 
to  humans  (II)  and  lecoameoded  handhag  proceduiea  of 
•Micants  (li)  should  be  studied  before  icms  are  begun  with 
lay  (xwiaiDitiant  or  sndiincnL  Health  and  safety  preciutions 
Aottid  he  considered  before  beginning  a  tesL 

1.2  rield-cdlected  sedimenu  might  coaiain  a  mixture  of 
traper  hawBing  to  avoid  human  exposure  ti  importaoL 
Therefore,  ilda  contact  with  ail  test  materials  and  s^iioni 
dtottid  be  tttnimixed  by  such  means  as  wcatwg  appropriate 
pnaeiciive  glovca,  e^Mdidfy  when  washing  equipment  or 


putting  hands  in  dilutioo  watet'  over  sediments,  ,  or  into 
sediments.  Proper  hudling  procedures  might  tndu^  sreving 
and  distributing  sediments  under  a  ventilated  hood  or  an 
enclosed  glovs  box,  enclosing  and  ventilating  the  toxicity  test 
water  bath,  and  using  respirators,  aprons,  safety  glasses;,  and 
gloves  when  handling  potentially  hazardous  sclents.  Spe¬ 
cial  procedures  might  be  necessary  with  tadiolabeied  test 
materials  (20)  and  with  materials  that  are,  or  ate  suspected  of 
being,  carcinogenic  (19). 

I.S  Disposal  of  sediments,  dilution  water  over  sediments; 
{ind  test  organisms  containing  hazardous  compounds  might 
;  special  problems.  For  tests  involving  spildns  sedimentt 
ith  known  toxicants,  removal  or  degradabon  of  the  toxi- 
at(s)  before  disposal  is  sometimes  desirabie.  Oi^osal  of  all 
dous  wastes  should  adhere  to  the  requirements  and 
xtions  of  the  Resource  Conservatioa  and  Recovery  Act 
1  any  relevant  State  or  local  regulations. 


9.  SampUng  and  Transport 

9. 1  Sedimems  have  been  collected  for  a  variety  of  chem¬ 
ical.  physica],  toxicological  and  bioic^ical  invesriggtioos. 
These  coUecrions  have  been  ouKte  with  bodr  a  seria  of  grab 
sampling  devices  and  core  samplen  (see  Table  2  of  Cuide 
D  4823).  The  advantages  and  disadvantages  of  the  various 
collection  methods  have  been  previously  reported  <3, 4)  and 
art  summarized  in  Table  1.  sampling  methods  dtourb 
the  sediment  integrity  to  a  degree.  For  purposes  of  sediment 
toxicity  evaluations  it  is  important  to  obtain  sediments  with 
as  little  disruption  as  possible,  to  aflow  for  realistic  laboratory 
evaluations  of  in  rim  comhiions.  Gtoostitg  the  most  appro¬ 
priate  sediment  sampler  for  a  study  will  depend  on  the 
sediment's  characteristics,  the  eflkieocy  required,  and  the 
ttudy  objectives.  Several  rtferencm  are  available  which 
discuss  the  various  collection  devices  (3, 4, 2).  22, 1^),  The 
eflitciency  of  these  samplers  for  benthic  coUectioiu  have  been 
compared  and  is  general  the  gnb  samplers  ate  less  elBckst 
coikaois  than  the  corers  but  are  easier  to  handle,  work  in 
heavier  seas,  oAeu  ttquue  fewer  pctsrmari  and  are  more 
rosaly  obtained  (21, 23-31). 

9.2  The  priitcipal  disadveniage  of  dredge  samplera  varies; 
common  probfems  are  shallow  depth  of  penetratioo  and 
presence  of  a  shock  wave  that  rtsuiu  in  toss  of  the  Tne 
surface  sedimenu.  Murray  and  Mumy  (32),  however,  de- 
tettbed  a  dredge  usable  in  heavy  seas  which  quantiutivety 
tarapfes  the  lop  1  cm  ofscdimeni  and  iciatu  fine  materials. 
Other  grab  tampleri  that  quantitatively  smnple  suiikc 
sediroenci  have  been  deicrih^  by  Giiafe  (33).  The  depth 
prolUe  of  the  sample  may  be  km  in  the  removal  of  the 


9.3  $mdfeaofmacroin«eiidMriiUsaffl|Aaf  ellkiieeciywfm 
variota  girdt  umplets  have  provided  useful  toformatioa  for 
sa!<iplii4  in  sedinxnt  toxkiri^  and  sediment  qu^ity  evahta- 
tiona.  The  Ekman  dredge  is  the  moat  oomraonh’  used 
satnpler  for  benihk  invesstigadou  (,.1).  The  Elutsaa's  e(fi* 
cieney  is  limited  to  lesa  compacted,  floe-graui.  d  sedimenti 
as  are  the  (xMtt  tamptem  The  ffloa  cotamonh  used  ocrer  is 
the  Kajak‘Brinkhunt  cortr.  In  more  tcristant  sediments  the 
Peterses,  PONaR,  and  Smhh-Mclntyre  dredges  are  used 
moa  often  (21).  Based  m  studies  of  benthic  macicinveite- 
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TABLE  2  Samplins  Conttin«f*,  Preservation  Requirements,  and 
Hotdiny  Times  for  Sediment  Sampley* _ 


Comanxnxnt 

Container* 

Preservatioo 

Holding  Time 

Aoaty 

AAatnty 

Ammona 

SuiiAie 

SuMe 

SuKtfr 

Nitrate 

Nitrate-Nitnte 

Nitntc 

Oi  and  Grease 

Organic  Catpon 

P.G 

P.G 

P.G 

P.G 

P.G 

P.G 

P.G 

P.G 

P.G 

G 

P.G 

Cool.  4*C 
Cool.  4*C 
Cool.  4*C 
Cool.  4*C 
Cool.  4»C 
Cool.  4*C 
Cool.  4*C 
Cool.4‘C 
Coot.4*C 
Cooi.4»C 
Cool.  4*C 

14  days 

14  days 

28  days 

28  days 

28  days 

48h 

48h 

28  days 

48h 

28  days 

28  days 

Meiais 

ChfonXtxn  Vl 

Maccury 

Metals,  cxcapt  atxive 

P.G 

P.G 

P.G 

C00l.4*C 

40n 

8deys 

6  months 

Organc  Coinpouxis 

ExtractatMs  (including 

ateAon-kned 

Cool.  4*c  . 

7  days  (until 

phtnaates.  atrosamnes 
organocNome  pesticides. 
PCB's  artroaromatics. 
isopnorone.  Potynudear 
aromatic  frydroearoons. 
haloethers.  cNormated 

cap 

extraePon) 
30  days  (alter 
axtraePon) 

hydfocarpons  and  TCOOl 
Extractawes  (pnends) 

G.  teflon4ineO 
cap 

Cod.  4‘C 

7  days  (until 
extraction) 
30  days  (after 
extraction) 

PugaPies  (fiaiocarpons  and 
aromatics) 

Purgabies  (acroiein  and 
acrytontrate) 
Orthophospnate 

Pesticides 

G.  tedoolined 
septum 

G.  tefronXinad 
septum 

P.G 

G.  teflon-lined 
cap 

Cool.  4*C 

Cool.  4*C 

Cod,  4*C 
Cod.  4‘C 

14  days 

3d«ys 

4811 

7  days  (until 
extraction) 
30  days  (after 

Phenols 

Phosphoms  (etenentaO 
Phosphonjs.  total 
Chtomated  organic 
compounds 


P.G 

Q 

P.G 

,  tenoTHneo 
cap 


Cod.  4*C 
Cod.  4*C 
Cod,  4*C 
Cod.4*C 


extraction) 
28  days 
48h 
28  days 
7days(untl 
extaetion) 
30  days  (altar 
sxtracMn) 


X  T*an  from  6PA  60(M^75.  See  abe  Rel.  85. 
•  Pdymyisne  (P)  or  Glass  (0) 


9.5  Corer  samplere  also  have  several  limitations, 
corers  do  not  work  well  in  sandy  sediments;  dredge  samofe! 
or  diver-collected  material  remain  the  only  cunent  ahoiS 
tives.  In  general,  corers  collea  less  sediment  than 
samplers  which  may  provide  inadequate  quantities  for 
studies.  Small  cores  tend  to  iB':<easc  bow  waves  (that^ 
disturbance  of  surface  sediments)  and  compaction,  tW 
altering  the  vertical  profile.  However,  these  corers  protS 
better  confidence  limits  and  spatial  information  when  nm^ 
tiple  cores  are  obtained  (21,  24,  38-41).  As  shown  bv 
Rutledge  and  Reeger  (42)  and  others,  care  must  be  taken  u 
subsampling  from  core  samples,  since  surface  sedna^ 
might  be  disrupted  in  even  hand-held  core  collectioatw 
recommend  subsampling  in  situ  or  homogenizint  coit 
sections  before  subsamBling.^  ^  ^ 

tftxicilv.lhterstitiar Waters- 


braic  populations,  the  sediment  corers  are  the  most  accurate 
samplers,  followed  by  the  Ekman  dredge,  in  most  cases  (21). 
For  resistant  sediments,  the  PONAR  dredge  was  the  most 
accurate  and  the  Petersen  the  least  (21).  A  comparison  of 
sampler  precision  showed  the  van  Veen  sampler  to  be  the 
least  precise;  the  most  precise  were  the  corers  and  Ekman 
dredge  (21). 

aie.li^theld:1I^r9caB^e»-e^^ 
r^;ifcnaty  polyethylene,  or  glass  coren  (liners),  or  large 
Ijiji-coitft.  The  corers  can  maintain  the  integrity  of  the 
sedhnent  surface  while  collecting  a  sufficient  depth.  Further¬ 
more,  the  box  core  can  be  sub<orcd  or  sectioned  at  specific 
depth  intervals,  as  required  by  the  study.  The  box  corer, 
unfortunately,  is  large  and  cumbersome;  thus,  it  is  difficult  to 
use.  Other  coring  devices  which  have  been  successAilly  used 
include  the  percussion  corer  (34)  and  vibratory  coren 
(35-37). 


Z^reent  When  obtaining  cores  from  ;;hallow  waters  oik 
mu!!t  ensure  that  the  vessel  does  not  dirturb  the  set^eati 
prior  to  sampling  (30).  Most  of  the  studies  in  the  literature 
employed  grab  samplers  although  box  corers  (43-45),  gravity 
corers  (46)  and  hand  collection  (47-49)  methods  are  re. 
ported  with  increasing  frequency.  For  additional  informatioa 
of  various  core  types  see  reference  USEPA  (4). 

9.7  Subsampling,  compositing,  or  homogenization  of  sed¬ 
iment  samples  is  often  necessary  and  the  optimal  methods 
will  depend  on  the  study  objectives.  Important  consider, 
ations  include;  loss  of  sediment  integrity  and  depth  profile, 
changes  in  chemical  speciaiion  by  means  of  oxidation  and 
reduction  or  other  chemical  interactions;  chemical  equilib¬ 
rium  disruption  resulting  in  volatiliwtion,  sorptioo,  or 
desorption;  changes  in  biolo^cal  activity;  completeness  of 
mixing;  and  sampling  container  contamination.  In  most 
studies  of  sediment  toxicity,  it  is  advantageous  to  subsampie 
the  inner  core  area  (not  conucting  the  sampler)  sin«  this 
area  is  most  likely  to  have  maintained  its  integrity  and  depth 
profile  and  not  be  conuminated  by  the  sampler.  Subsamplo 
from  the  depositional  layer  of  concern,  for  example,  the  top 
1  or  2  cm  should  be  collected  with  a  nonreactive  saapliog 
tool  such  as,  a  polytetrafluoroethylene-lined  calibration 
scoop  (SO).  Samples  are  frequently  of  a  mixed  depth  but  t 
2-cm  sample  (51)  is  the  roost  common  depth  obtained 
although  depths  up  to  40  ft  have  been  used  in  some  dredgini 
studies.  For  some  studies  it  is  advanugeous  or  necessary  lo 
composite  or  mix  single  sediment  samples  (16,  SO).  Compos¬ 
ites  usually  consist  of  three  to  five  grab  samples.  Sub^pie 
are  collected  with  a  nonreactive  sampling  scoop  and  placed 
in  a  nonreactive  bowl  or  pan.  The  composite  sample  should 
be  stirred  until  texture  and  color  appear  uniform. 

9.8  Due  to  the  large  volume  of  sediment  which  is  oto 
needed  for  toxicity  or  bioaccumulaUon  tests  and  chemied 
analyses,  it .  light  not  be  possible  to  use  subsampled  corct 
because  of  sample  size  limitations.  In  those  situadoos,  the 
investigator  should  be  aware  of  the  above  considerations  and 
their  possible  affect  on  test  resultt  as  they  relate  to  in  aiu 
conditions. 

9.9  AsKiiment  of  in  situ  sediment  toxicity  or  bioaccunm- 
lation  is  aided  by  collection  and  testing  of  reference  and 
control  ttmples.  purposes  of  this  guide,  a  referen« 
lediiDent  is  defined  as  a  sediment  possessing  similar  chaiac- 
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to  the  test  sediment  but  witho  n  anthropogenic 
K^minants.  Sediment  characteristics,  such  as  particit  sue 
■S^tion  and  percent  organic  carbon,  should  bracket  that 
test  sediment.  If  there  is  a  wide  range  of  test  sediment 
iSft  the  reference  sediment  characteristics  should  be  is  an 
^C^wiediate  range  unless  the  test  species  is  affected  by 
^ride  size.  The  appropriate  ASTM  guides  for  marine  and 
S)iwater  invertebrates  should  then  be  consulted  to  deter- 
the  particle  size  requirements  cf  the  test  species.  It  is 
Stable  that  reference  sediments  be  collected  from  the 
Se  aquatic  system,  located  dose  to,  and  have  similar 
C^cal  chemical  and  biological  characteristics  to  the  test 
•^ment  In  some  situations,  the  reference  sediment  might 
^  toxic  due  to  naturally  occurring  chemical,  physical  or 
■Ejogical  properties.  For  this  reason,  it  is  important  to  also 
^the  toxidty  of  control  sediments.  The  reference  sediment 
results  might  be  analyzed  as  either  a  treatment  or  as  a 
patrol  variable,  depending  on  the  study  objectives.  For  pur- 
of  this  guide,  a  control  sediment  might  consist  of  natu- 
artificially  prepay  sediments  of  known  composition 
pi  of  consistent  quality  that  have  been  used  in  prior  sedi- 
toddty  tests  or  culturing,  and  for  which  baseline  dau 
foists  which  shows  they  do  not  cause  toxidty.  Control  sedi- 
have  been  sucnssfuUy  used  in  toxidty  evaluations 

‘  9.10  When  collecting  sedime.,i  grab  samples,  tt  is  impor- 
dean  the  sampling  device,  scoop,  spatuta,  and  mixing 
*bowts  between  sample  sites.  The  cleaning  procedure  can 
fjiow  that  outlined  in  Section  7  or  the  following  ($3):  1) 
'giap  and  water  wash,  2)  distilled  water  rinse,  3)  methanol 
'oose.  4)  methylene  chloride  nnse,  and  S)  site  water  nnse. 
Jfaste  solvents  should  be  collected  in  labelled  hazardous 
container. 

.9.1 1  In  most  cases  the  transport  conditions  for  the  sam- 
‘p(o  were  not  specified  in  the  references  reviewed.  Where 
^oooditions  were  specified,  the  sediments  were  usually  inns* 
''ported  whole,  in  b«)th  plastic,  polyethylene  (54-56),  und  glass 
(4S,  49,  S7)  cootaineis  and  transported  under  refrigention  or 
“« ice  (48, 49.  $1. 57-42). 

9.12  Collection,  tnnspon,  storage,  and  test  chamber  ma- 
Krill  composition  should  be  chosen  based  on  a  consider- 
ahon  of  sorption  effects,  sample  composition,  and  contact 
I  dme.  For  example,  tn  sediments  where  organics  are  of 
concern,  brown  borosilicate  glass  containers  with  fluoro¬ 
carbon  plastic  lid  liners  are  optimal,  white  plastic  conuiners 
ire  recommended  for  metal  samples.  Folytetrafluoroeth- 
I  yiene  (PTF)  or  high-density  polyethylene  containers  are 
L  ^lively  inert  and  optimal  for  samples  coutaminated  with 
^iiultipie  chemical  typei  Additionally,  polycarbonate  con* 
rttinen  have  been  shown  not  to  soit  netai  specks  (43). 
iJidditional  information  on  sample  containers,  preservation, 
^forage  times  and  volume  requirements.  In  regaitls  to  cbem- 
analysei  art  available  in  other  guidanoe  docutnentt 
(3-4, 10. 16).  In  many  cases  these  criteria  are  applicable  to 
toxidty  test  chamber  requitemenia 


^19.  Stornge 

10.1  Conuiners  for  storage  vetre  generally  not  specified 
'although  it  was  assumed  that  the  aouinen  were  the  same  u 
^the  transport  containers,  whene  specified,  and  «vere  generally 
polyethylene  (see  9.12).  Where  sediments  contain  voiaiile 


compounds,  transport  and  storage  should  be  in  air-tight  PTF 
or  glass  containers  with  PTF-lined  screw  caps.  For  further 
information  on  storage  requirements  for  chemical  analyses 
see  Table  2  and  EPA,  1982ab. 

10.2  Drying,  freezing,  and  cold  storage  conditions  all 
affect  toxidty  (17,  64-69).  Often  the  stora^  time  of  sedi- 
menu  used  in  toxidty  tests  was  not  specified  and  where 
spedfied  ranged  from  a  few  days  (70)  to  one  year  (55). 
Storage  of  sediments  after  arrii^  at  the  laboratory  was 
genciaily  by  refrigeration  at  4*C  (54-56, 58-62, 67,  70-73). 
Signifi^t  changes  in  metal  toxidty  to  dadbeerans  and 
miacbial  activity  have  been  observed  in  stored  sediments 
(68,  74).  Recommended  limits  for  storage  of  metal-spiked 
sediments  have  ranged  from  within  2  days  (64)  to  5  days  (70) 
to  7  days  (75,  76).  A  study  cf  sediments  ermtaminated  with 
ooopoltf  organics  found  that  interstitial  water  storage  time 
did  not  affect  toxidty  to  polychaetes  when  samples  were 
frozen  (77).  Cadmium  toxidty  in  sedimentt  has  been  shown 
to  be  related  to  add  volatile  sulfide  (A VS)  complexation 
(78).  When  anoxic  sediments  were  exposed  to  air,  AVS  were 
rapidly  volatilized.  AVS  is  apparently  the  reactive  solid  phase 
sulfide  pool  that  binds  metal  thus  reducing  toxidty.  If  a 
study  cbjective  is  to  investigate  metal  toxidty  a^  the 
sediment  environment  is  anoxic,  then  exposure  to  air  might 
reduce  or  increase  toxidty  due  to  oxidation  and  predpitation 
of  the  metal  spedes  or  loss  of  add  volatik  sulfide 
complexation  It  is  generally  agreed  that  sediments  to  be  used 
for  toxidty  testing  should  not  be  frozen  (17, 67, 69,  70,  75, 
79). 

10.3  Although  risking  changes  in  sediment  composition, 
several  studies  elected  to  from  samples  (51,  67,  80-84). 
Fast-freezing  of  sediment  cores  has  been  recommended  for 
chemical  analyses;  however,  this  alters  sediment  structure 
and  profile  distortion  occurs  (42).  Freezing  has  been  reported 
to  inhibit  oxidation  of  reduced  iron  and  manganese  com¬ 
pounds  (81).  It  has  also  been  recommended  for  stored 
sediments  which  are  to  be  analyzed  for  organics  and  nutn- 


humic  material  was  noted  when  interstitial  water  was  stored 
at  4*C  for  more  than  one  week  (88).  Oxidation  of  reduced 
arsenic  species  in  pore  water  of  stored  sediments  was 
unaffected  for  up  to  6  weeks  when  samples  where  acidified 
and  kept  near  0*C,  without  deoxygenation.  When  samples 
were  dm  aetdified,  deoxygenaiion  was  necessary  (89X 
lO.S  In  summary,  sediments  for  toxicity  tests  and  chem¬ 
ical  analyses  an  typically  lefrigeratcd  or  placed  on  ioe  in 
pedyethyieDe  conuiners  during  transport  Ifi  in  addition, 
samples  are  to  be  used  for  cbemkid  analyses,  then  the 
appropriate  conuiaer  should  be  used  u  dmeribed  above. 

storage  conditions  sbouM  be  refrigentioo  at  4*c  and 
under  anoxk  conditions  if  appropriate  (10, 16, 90).  It  has 
been  shown  that  sediments  can  be  stored  at  4*C  for  up  to  12 
months  without  significmit  alterations  in  toxidty  (91). 
Limits  to  storage  time  before  testing,  tberefore,  appear  to  be 
a  function  of  sediment  and  conuminant  cfaancteristics. 
While  it  is  prudent  to  complete  the  testing  of  sediments  with 
a  minimum  of  storage  time  (probably  ka  than  2  weeks)  this 
may  not  be  possible  for  any  number  of  reasom 


.-r  ■**  •  •*  *  — t.  . 

changed  significinUy 
D  mi^*i|iK,^7),  even  when  stored  at  in  situ 
Olmperatures  (17).  Coagulation  and  predpiution  of  the 
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11.  Collection  of  Interstitial  Water 


by^  several  methods^  oenfliiftigatwni  fainfai>aii?T«- 
equilibriuin.  dialysST  In^  general,  methods  for 
^fecbvery  of  relatively  large  volumes  of  interstitial  water  from 
sediments  arc  limited  to  cither  centrifugation  (57, 88, 92, 93) 
or  squeezing  (94-97).  Other  methods,  such  as  suction  (98), 
gas  pressurization  (50),  in  situ  samplers  (99X  and  equilibra¬ 
tion  by  using  dialysis  membrane  or  a  fritted  ^ass  sampler 
(100-103),  do  not  produce  large  quantities  of  interstitial 
water.  In  the  case  of  the  dialysis,  sufficient  time  roust  be 
allowed  to  ensure  that  the  sample  has  come  to  eqatblMium 
with  the  interstitial  water.  The  suction  and  dialysis  cquiliN 
rium  methods  are  most  useful  for  laboratory  studies.  Some 
pore  water  constituents,  for  example,  dissolved  organic 
carbon  or  dimethylsulfide,  might  be  significtmtly  affected  by 
the  conectioo  method  (99).  Other  constituents,  such  as 
salinity,  dissolved  inorganic  carbon,  ammonia,  sulfide,  and 
sulfate,,  might  not  be  affected  by  collection  methods  pro¬ 
viding  oxidation  is  prevented  (99).  If  sediments  are  anoxic, 
all  steps  involved  in  sample  processing  might  to  be 
conducted  in  inert  atmospheres  to  prevent  oxidauoa  of 
reduced  species  (99,  IM,  KB). 

Ciik2ilfi«erstiiial  water  is  collected  by  centrifugation  and 
^^tration,  then  effects  on  the  interstitial  chemistry  need  to  be 
considered  after  centrifo^tion.  Cemnfugation  followed  by  2 
pm  filtration  yielded  similar  metal  concentrations  to  dialysis 
methods  (106).  However,  filtration  with  glass  fiber  or  plastic 
filters  is  not  appropriate  in  some  cases  and  has  been  shown  to 
remove  nonpolar  organics  (107),  Centrifugation  at  7600  x  g 
with  glass  contact  only  was  shown  to  be  superior  to  filtration 
methods  (10^  Other  tfudies  have  produced  contrary  results, 
recommending  filtration  with  polycarbonate  filteis  (98, 108). 
nitration  is  aormaliy  conducted  to  remove  particles  with  e 
0.4S-pm  pore  siae,  however  0.20iim  or  sinaller  pore  size 
membranes  have  been  recommended  (81).  Removal  of  all 
bacteria  and  ralloktal  materials  might  require  filter  pore  sizes 
of  less  than  0.2Him.  Immediate  collection  (ff  intentitial  waur 
ts  recommended  since  chemical  changes  might  occur  even 
when  sediments  are  stored  for  short  periods  at  in  situ 
temperatures  (87)  (see  10.4). 

II  Characterizatioa 

lit  The  characteristics  that  have  been  mott  dteo  mea¬ 
sured  in  sediments  art  moisture  content,  otpnk  cubon  or 
volatik  matter  content,  and  particle  sze.  When  attempting 
to  charactertze  a  sedimeat  quality  aKuriace  tbould  always 
be  (1 4, 18).  Sediments,  by  their  nature,  are  very 

heterateu^  they  exhibit  stgoifkant  temporal  and  ppatial 
heterogeneity  in  the  laboratory  and  in  situ.  Replkate  sampio 
should  be  analyzed  to  detemiDe  the  vartaooe  in  sediment 
characteristics  and  aaaly^  methodL  Sediment  character¬ 
ization  will  depend  on  the  study  ot^ectives  and  the  oontam- 
inanis  of  conoern,  however,  a  minimum  set  of  characteristics 
should  be  included  which  are  krtown  to  influence  toxicity 
and  will  aid  data  inieipreiation:  in  situ  temperature,  particle 
tize  distributioo,  moisture  or  intentitial  wmer  content 
ash-free  weight  ofianic  carbon  (determined  by  titration  or 
combustion)  pH.  Eh.  ?cid  volatile  sulfides,  ammonia,  and 
catioc  exc<^  ;.'.ge  capacity.  Many  of  the  methods  of  character- 
izato  c-  analytical  techniques  for  soils 


and  waters  and  the  literature  should  be  consulted  for  fimK^ 
information  (IS,  23, 109, 110). 

12.2  The  moisture  content  of  sediments  is 

drying  the  sediments  at  50  to  10S*C  to  a  constant 
(23).  .nj” 

12.3  Volatile  matter  content  u  often  measured  instead 

and  in  some  cases  in  addition  to,  organic  carbon  oomeut  a^ 
measure  of  the  total  amount  of  otgamc  matter  in  a 
This  measurement  is  made  by  ashing  the  sediments  at 
temperature  and  reporting  the  percent  ash  free  dry  wtiUit  n. 
111,112).  Although  the  exaa  method  for  ashing  tbesaa^ 
is  often  not  ^lecified,  the  normally  accepted  tempeiatnnu 
550  ±50*0(16,23).  • 

12.4  Carbon  fractions  which  may  be  of  importance  h 

determining  toxicant  fate  and  bioavailabitity  i^uder.totai 
organic  carbon  (16,  U3-11SX  dissolved  organic  carbon  (gm. 
dissolved  inorganic  carbon,  sediment  carbonates.-aindii»^ 
tive  particulate  carbon  (116,  117).  Reactive  partienhfo 
carbon  is  that  portion  udiich  equilibrates  with.tbe'iqaeoag 
phase.  The  organic  carbon  content  of  sediments  has  b(c« 
measured  by  wet  oxidation  which  is  also  useful  . for  the 
determination  of  the  organic  carbon  content  of  water  (U|^ 
Organic  carbon  analysa  have  also  ^n  conduct^  by 
titration  (1 19),  modification  of  the  titration  method  (I20X  or 
combustion  ^er  removal  of  carbonate  by  the  addition  of 
HO  and  subsequent  drying  (73).  '  ■ 

12.5  Particle  sizing  of  sediments  can  be  measured  by 
numerous  methods  (15,  121,  see  Guide  D  4822)  and  the 
most  effective  method  is  dependent  on  the  particle  properties 
of  the  sample  (122).  Particle  size  distribution  is  ’ofiea 
determined  by  wet  sieving  (1 15,  16,  23,  123).  Partide  tis 
classfT  might  also  be  determined  by  the  hydrometer  method  . 
(124,  125X  the  pipei  method  (15, 126),  settling  tochniquti 

(127) ,  X-ny  absorption  (123,  126)  and  laser  li^t  scatteiiag 

(128) .  The  pipet  method  may  be  superior  to  the  bydromeinr 
method  (129).  To  obtain  definite  particle  sizes  for  the  fiat 
material,  a  Coulter  (particle  size)  counter  method  mi^t  be 
employed  (130-131).  This  method  gives  the  fraction  of 
particle  with  an  apparent  spherical  diameter.  AniMher 
potential  method  for  determining  the  particle  tize  dtsttibu- 
non  of  a  very  fine  fraction  is  through  the  use  of  electron 
microscopy  (132).  The  collection  technique  for  the  very  fine 
mnieriils  can  mult  in  aggregation  to  larger  cotlokUt  stnK- 
turn  (132-13$).  Comparisons  of  partide  sizing  methods 
have  shown  that  some  produce  similar  results  and  others  do 
not  Iheae  diSbreaccs  mi^t  be  attnbuud  to  difiMnees  it 
(be  partkk  property  being  measured,  that  is,  the  Malvern 
Laser  Sizer  and  Etectrozone  Partide  Counter  are  siaig 

tod  the  hydrophotometer  and  SediCraph  deur- 
mine  sedimentation  diameter  based  on  panicle  settling  (132, 

138- 138).  It  is  pieienble  to  use  a  method  which  incotporaas 
partide  settling  as  a  measure,  as  opposed  to  strictly  sedimed 

tiziiil. 

12.6  Various  methods  have  been  recommeoded  to  dete^ 
mine  bioavailahte  fractions  of  metals  in  sediments  (78 

139- 141).  One  extraction  procedure,  cation  excbaaie » 
picity.  provides  infonnatioo  itkvaoi  to  metal  btoavulabil^ 

studies  (189).  ABiorphk  oxides  of  iron  and  tosmganese.  SM 

reactive  particulate  carbon  have  been  imp!i?nted  ns  ihr 
primary  influeaca  on  metal  sorp'i.^n  potential  i  t-fdi'ow® 
(81.  148,  142-144).  Measurem<.ii  .'a.-,*  nl 


^yS)  tod  divalent  metal  concencatioas  associated  whit 
extiactloo  provides  insight  into  metals  availability  in 
■^^gcbk  sediments  (78).  E^y  extractable  fractions  are 
removed  with  cation  di^tlacing  solutions,  for  ex* 
^fk,  neutral  ammonium  acetate,  chloride,  sodium  acetate. 
g  sitrate  salts  (145).  Extraction  of  saltwater  or  calcareous 
i^ents,  however,  is  often  complicated  by  compiexation 
jtcis  or  dissolution  of  other  set^ent  components  (141« 
jli).  Other  extractants  and  associated  advantages  and  <^sad* 
HjUages  have  been  recently  discussed  (141,  144,  147,  148). 
^oe  extractants  which  have  been  successfully  u^  in 
^uations  of  trace  metals  in  nondetrital  fntctioos  of  sedi* 
gents  are  EDTA  or  HQ  (141, 149, 150).  Metal  partitioning 
^sediments  might  be  determined  ^  using  sequential 
ntraction  procedures  whioh  fractionate  the  sediments  into 
gvoal  components  such  asr  interstitial  water,  ion  exchaage- 
easily  reducible  organic  and  residual  segment  compo- 
.  lents  (93, 148, 151, 152).  Unfortunately  at  this  time  no  one 
•ethod  is  clearly  superior  to  the  others  (147).  This  might  be 
'  in  part,  to  site  spedfk  characteristics  which  influence 
<  Availability,  for  example,  desorption  and  equilibration 
'  processes. 

,  ^J2■7  pH  is  important  for  many  chemicals  and  can  be 
geasuteddirectly  (23)or  in  a  t  to  i  mixture  of  sediment/soil 

[  .^118  Eh  measures  are  particularly  important  for  metal 
y^tion  and  for  determining  the  extent  of  sediment 
uidaiioo.  Redox  gradients  in  sediments  often  change  rap> 
•dly  over  a  small  depth  and  are  easily  disturbed.  Care  muA 
bt  taken  in  probe  insertion  to  allow  equilibration  to  occur 
j  «ben  measuring  Eh.  These  measurements  are  potentio* 

'  aethc  and  measured  with  a  platinum  electrode  relative  to  a 
gandard  hydrogen  electrode  (23). 

I  12.9  Biochemical  oxygen  demand  and  chemical  oxygen 
,  moand  might  provide  useful  infonnaboo  in  some  cases 
I  (23)k  Sediment  oxygen  demand  ought  also  be  a  usefttl 
.  doctiptor,  however,  a  wide  variety  of  methods  exist  (98, 
154-157). 

12.10  Analyiis  of  toxicants  in  sediments  is  generally 
pofonncd  by  standard  methods  such  as  those  of  the  EPA  (i 
2})-  Soxhlet  extraction  is  generally  best  for  organics  but 
depends  on  extraction  parameten  (158,  159).  Coocentra- 
sons  are  generally  reported  on  a  dry  weight  ba^ 

13.  MaaipulartM 

'  13.1  Manipulation  of  sediments  is  often  required  to  yield 
Aoskstent  material  for  toxicity  tettmg  and  laboratory  exper- 
Imis,  The  mutipulationt  reviewed  in  this  stctioo  atm 
tpOciag  (doiittg)  R^mei  for  labonuory  and  oonirol  aedi- 
■rats;  mixing;  skvtng  for  aitainment  of  pinkk 

diiuiiom  for  conoeematioo>effi)et  determinationi; 
thttriittK  cappiiv  4ir  drying;  and  strailiutioa.  For  dtaeus* 
noo  of  subsampUng,  composttiog,  or  bomotenitattoo  el&cts 
■e9.7.  . 

- 13.2  Spikini-^Tto  tpildng  method  to  be  used  is  contin- 
J  gtat  on  the  nudy  oigectivet.  For  example,  when  attempting 
to  mimic  in  situ  conditions,  sediment  cores  should  be  yVed 
>y  adding  aqueous  or  suspended  sediment  solutioc  of 
Wcanis  to  the  overlying  water  column:  or  when  invests- 
pong  dredging  elTects  or  coodiikms  of  periurbe- 

vn  where  toxicaiu  sorption  prooesica  are 


mixing  toxicants  into  sediment  slurries  may  be  advanta- 
Aut-  When  investigating  the  source  of  sediment  toxkity  or 
interactive  eftects  of  sediment  toxicants,  it  is  useftil  to  spike 
both  reference  and  control  sedimens  with  the  toxicant  of 
concern  present  in  the  test  sediment  Mixing  time  should  be 
limited  to  a  few  boun  and  temperatures  kept  to  a  minimum, 
due  to  the  rapid  alterations  which  occur  in  the  sediment’s 
physicochemical  and  microbiological  characteristics,  whkfa 
tbei^  alter  trioavailability  and  toxicity.  Recalcitrant  or¬ 
ganics  and  some  metals,  for  example,  cadmium  and  copper, 
might  be  mixed  for  extended  periods  without  adverse  effects 
(see  Sections  9  through  12  for  additional  discussion). 

13.3  Organic  compounds  are  generally  added  by  means  of 
a  carrier  solvent  such  as  acetone  or  methanol  to  ensure  tlm 
they  are  soluble  aixl  that  they  remain  in  solution  during 
mixing  While  organic  compourxls  are  generally  added  in  an 
organic  carrier,  metals  are  generally  in  aqueous  solutioos. 
Compounds  are  also  added  to  water  overlying  sedirhents  and 
the  compound  allowed  to  sorb  with  no  mixiiig  (71, 
160-167).  Occasionally  the  carrier  has  been  added  directly  to 
sediment  (52,  82-84,  112,  137,  168-171)  and  the  carrier 
evaporated  before  addition  of  water.  This  approach  does  not 
seem  to  result  in  compounds  being  sorbed  to  sediment  at  the 
same  sites  as  dosing  under  aqueous  conditions  (172).  Word, 
et  al.  (107)  compared  several  sediment-labelling  techniques 
using  methylene  chloride,  ethanol,  and  glycine  as  carrieis. 
They  found  glycine  was  superior  when  mixed  with  sediment 
for  7  days.  In  most  cases,  the  compound  is  eitber  coated  on 
the  walls  of  the  flask  and  an  aqueous  slurry  (sediment  and 
water  in  various  proportions)  added,  or  the  carrier  coa- 
taming  mixture  is  added  directly  to  the  slurry.  When  the 
sediment  to  water  ratio  is  adjusted  for  optimal  mixing, 
sediments  that  ate  too  dense  to  mix  by  slurrying  in  water 
have  been  suocessftilly  mixed  using  a  roliing  mill  (72).  Other 
mixing  techniques  may  be  used  for  spikii^  spkific  «edi- 
menu  but  care  should  be  taken  to  ensure  comi^ete  mixing 
and  analyses  of  spiked  compounds  run  to  ensure  that 
labelling  is  unifonn  in  the  mixed  material.  The  ux  of  a 
polar,  water  soluble  carrier  such  as  methanol  hat  little  effect 
on  the  partitioning  of  nonpolar  compounds  lo  diitoived 
organic  matter  at  concenuatioiu  up  to  15%  carrier  by 
volume  (173).  Another  «udy.  hovrever.  shows  that  changes 
in  partitioning  of  a  factor  of  approximately  two,  might  well 
occur  with  10  %  methanol  as  a  cosolveot  for  anthracene 
sorption  (174)  Thus,  caution  should  be  taken  to  minimire 
the  amount  of  carrier  used.  The  lime  between  the  spikiog 
the  compounds  and  the  ure  of  the  ten  sediment  has  bcM 
variable(46, 47, 70, 72, 73,10,  111,  161. 175)  and  does  seem 
to  effect  the  hiolofica)  availability  of  compounds  (37,  67, 
ITSk 

13.4  Highly  vtdatile  oompoumfo  have  been  spiked  into 
sediments  in  a  sunilar  manner  to  the  lea  volatile  materials 
usng  cosoivents  and  mixing  in  an  aqueous  sluny  by  shaking. 
These  expertmenis  were  tested  immediaiely  in  covered 
flowqhiough  systems  (lOIX 

13.3  Ifa  solvent  Mber  than  water  is  used,  both  a  sediment 
lolveni  control  and  a  sedimeni  negative  control  or  reference 
sediment,  or  both,  mun  be  included  in  the  test  Tbe  solvent 
control  mun  contain  the  higben  conccntntioo  of  sotveni 
present  and  mun  use  solvent  from  the  same  batch  used  to 
make  the  nock  solutku  (see  Fnctioe  E  729X 
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13.6  Because  the VQpS3$tibi^c(n>t»irof  the  sediments 
might  be  one  of  the  most  important  charaaeristics  affectiag 
the  biological  availability  of  contaminants,  modifications  of 
the  caiten  content  have. been  made  in  manx, studies. 

ttdwte-rfflutioir'  deiai-  sandfSf^  56,  62, 
inf,  althou^  humics,  (170)  and  othet  organialsuck  as 
<gep  manure  (52)  have  ak>  been  added.  Such  dilotions  also 
ci^gtr  the  particle  composition  and  the  size  distribution  of 
the  particles;  thus,  results  from  such  experiments  should  be 
interpreted  with  care.  The  organic  carbon  content  has  also 
been  altered  by  the  use  of  combustion  (14, 52).  Combustion 
may  alter  the  type  of  carbon  as  well  as  oxidize  some  of  the 
inorganic  components  thus  altering  greatly  the  characteris¬ 
tics  of  the  sediment 

13.7  A  variety  of  methods  have  been  used  to  ^nke 
sediments  with  metals.  The  two  principal  categories  of 
methods  are:  metal  addition  directly  to  the  sediment  which  is 
mixed  and  then  water  added  (64, 6^  176-178):  and  addition 
of  the  metal  to  the  overlying  waters  (80,  166,  179-180). 
Thorough  mixing  of  spiked  sediments  has  bMn  accom¬ 
plished  using  the  rolling  mill  technique.  Eberbach  and 
gyro-rotary  shakers. 

13.8  Equilibration  and  mixing  conditions  vary  widely  in 
spiking  studies.  The  duration  of  conuct  between  the  toxicant 
and  sediment  particles  can  affect  both  the  parutioning  and 
bioavaiiabiiity  of  the  toxicant  This  effect  apparently  occurs 
because  of  an  initial  rapid  labile  sorpdoo  followed  by 
movement  of  the  toxicant  into  resisunt  sorption  sites  or  in 
the  particle  (181-183).  Because  of  the  kinetically  controlled 
changes  in  the  partitioning  that  insults  in  changes  in 
bicavailabtlity  (174,  184-115),  the  contact  time  can  be 
important  when  spiking  Mdiments.  Bounds  on  tbe  sorptioo 
time  can  be  estimated  from  the  partition  coefficient  for  tbe 
sediment  following  tbe  calculations  in  Kanckboff  and 
Morris  (182).  In  action,  it  is  iraporunt  to  reoogaize  that 
the  quanuty  of  toxicant  spiked  might  exceed  tbe 
complexation  capacity  of  tbe  test  sediment  system  and  not 
allow  reactions  to  attain  equilibrium.  These  pheoonoena  wilt 
implicate  test  result  inteipreation  (68, 147). 

|gy.t  0^  tnAiipaUildos^ 

sedimenu  that  are  ollen  performed  before  toxicity  lesUr ; 
(46. 52,  SI-60,  67.  70.  Ill,  112,  163,  168.  170,  17$,  186). 
Sediment  samples  have  been  sieved  for  a  variety  of  lestsoas 
including  the  removal  of  Urr  debris  and  sxoaa  ner^ 
inernstog  the  ample’i  bomofeaeity  iodi  neibod 
lepticabiihy:  tbe  iacitaied  cue  of  oouatiiig  orpKiaens;  tbe 
tnoeased  case  of  Mdifflent 

the  ability  to  study  iafluenoe  of  particie  die  oa  toxidty, 
bioavaiiabiiity,  or  ooauminaat  paiiitioaiug.  Sieving  of  mn- 
lerial  to  a  specific  stn  fhactioo  might  alter  tbe  uoaoeatratkHi 
of  contaminant  in  tbe  seditaent  by  ttmoviai  large,  tow- 
sorptive  materiaii. 

ftUWi^oakantt  and  orgiak  caiboe  conocnttatioca  tessd  , 
to  Demlher  wiib  fine-frained  sedtmeati  (dMi-ii»  day -andf 
lilt)  due  to  increased  surfhee  area  (in  iclatioa  to  the  wc^bt  of 
tbe  sample)  and  sorptive  capacity,  Heasuring  sim  fractions 
of  less  than  63  pm  has  been  lecomincpdad  in 

porticulafty  fbr  oMtali  (172,  117V  In  Aidiei  of 
sediment  metal  oonoentiationa,  nonnaiitiai  to  tbe  <6$iia 
size  frsctioo  was  supetior  for  deKSibsng  metal  in 
aedtMen>s  ■.  nff*"**- 
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ized  to  dry  wei^t,  by  organic  carbon  content,  or 
by  a  centrifugation  procedure  (172).  Small  size  fiactiottr*^  i.^ 
characteristic  of  depositional  areas  in  aquatic  systems- 
ever,  sieving  of  seliments  from  non-depositional  sitB^^*^' 
obtain  the  fine  fraction  might  significantly  alter  the 
characteristics.  Tbe  usual  sieve  size  for  toxicity 
greater  than  500-pm.  If  sieving  is  performed  it  sho^sSSi 
done  for  all  samples  to  be  tested  including  control; 
reference  sediments.  '  ‘ 

13.1 1  Mixing  of  various  layers  of  sediments  '"’cbrnaitT 
in  either  dilution  or  enhancement  of  conce-utrationsTS^J 
sediment  quality  will  be  influenced  by  the  depth  of  saajpiiiZ^^ 
depth  of  biological  activity,  contaminant  solubifity^^^^^j 
partitioning  characteristics,  and  depth  of  the  contamiiiw'^;! 
concentration  pe^  which  is  dependent  on  historical^^^ 
ination  and  sedimentation  rates  for  tbe  study  ,  site- 
Section  10  for  additional  relevant  discussion).  . 

13.12  Another  manip^tion  of  sediments  for  'firrifii^-- 
testing  1$  sediment  dilution.  In  order  to  obtain  concent' 
tioo-effect  information  in  solid  phase  sediment  tOxieitv- 
evaluations.  differing  concentrations  of  the  test  sedim^- 
should  be  used.  Currently,  there  is  little  information  avails  ' 
able  on  the  most  appropriate  method  for  diluting  iai^' 
sediments  to  obtain  a  graded  contaminant  concentration  or 
concerning  the  methodological  effects  of  such  a  dilution.  A 
"clean’*  noccontaminated  sediment  should  be  used  as  the ' 
"diluent”  which  optimally  consists  of  physicochemical  chaw 
acteristics  similar  to  tbe  test  sediment,  such  as  oigaaic 
matter/eaxbon.  particle  size,  but  does  not  contain  elevated 
(above  background)  levels  of  the  toxicants  of  concern.  Refa- 
to  tbe  preceding  sections  fbr  relevant  information.  * 

13.13  Many  studies  of  sediment  toxicity  have  been 
ducted  on  the  elutriate  or  water-extractable  phase  (188).  intio 
method  wu  developed  to  assess  the  effects  of  dwrfjiin 
operations  on  water  quality.  Sediments  are  shaken  in  site  v 
reconstituted  water  (I  to  4  volume  to  volume  ratio)  (or  30 
min.  The  water  phase  d  then  separated  flrom  the  sediment  by 
oentrifuption.  followed  by  filtration  of  tire  supernaual 
through  a  0.4S-pn)  filter  when  conducting  some  tests,  nteb  as 
algal  growth  assays.  The  filtration  step  may  be  removed 
depending  on  the  study  objectives  (see  Section  li  tor 
interferences). 

13.14  Sediment  pollution  remediation  alternatives  au|ta 

include  appitag  tbe  contaminated  sedireenis  with  ”ckaa* 
sediments,  laboratory  design  of  such  experimeoB  should 
vary  tbe  depth  of  both  the  contaminated  sediments  and  tbi 
capping  Kdinent  layen  to  evaluate  contaminant  transport 
by  means  of  phyiioocheaicai  and  btolopcal  (biotuibaiioa) 
prooesMSk  ■■  ('■;?' 

13.1$  Sometioca  sediments  have  been  air  dried  before  uai 
(S6, 168, 119-190)  but  these  sediments  have  generally  beet  - 
used  fisr  laboratory  smdics  after  some  additional  manipula- 
tion,  such  as  spiking  sediments  with  various  levels  of 
coQUminantt  for  oonoenintioo-effect  dau  (111,  190).  Air 
drying  would  <wb  in  fosses  of  votatil^.  compounds  and 
miidtt  rewb  in  changes  in  tire  sediment  charactexisbct . 
particularly  ptitick  size  (see  Section  10).  Tbe  presence  of  aia 
and  air  di^  haue  a8  been  shown  to 
tmlibOity$adeaapkMatioQ(i4tl  -v-S 

13.16  StcriliratioB  of  sedimem  iol-ibit  biological  a0>  . 
tiviiy  has  been  pofortned  in  serr:'  a  ■"  .Autedsv-og  ii 
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used  in  most  cases  (191).  Other  sterilization  techniques  have 
iflcludeci  antibiotic  addition,  addition  of  chemical  inhibitors 
5uch  as  Kg02  or  sodium  azide,  or  gamma  irradiation.  The 
technique  chosen  should  be  contingent  on  study  objectives. 
Antibiotics,  such  as  streptomycin  and  ampicillin,  have  bem 
succosfully  used  in  sediment  studies  (192,  193).  Some 
•atibiotics,  however,  are  labile  and  light  sensitive,  or  readily 
tiind  to  organic  matter.  Mercuric  chloride  appears  to  be 
juperior  to  sodium  azide  as  a  bacteriocide.  Autoclaving  is  the 
least  desirable  method  as  it  causes  the  greatest  alteration  to 
the  sediments  physical  and  chemical  characteristics.  In 
studies  requiting  sterility,  it  is  crucial  that  a  steiility  control 
be  incorporated. 

14.  (Quality  Assurance 

14. 1  (Quality  assurance  guidelines  (3, 4, 10, 16)  should  be 
followed.  (Quality  assurance  considerations  for  sediment 
fflodeling.  QA<QC  plans,  sutisticai  analyses  (for  example, 
sample  number  and  location)  and  sample  handling  have 
been  addressed  in-depth  (10). 

14.2  Sediment  heten^neity  sipificantly  influences 
studies  of  sediment  quality,  contaminant  distribution,  and 
both  benthic  invertebrate  and  microbial  community  effects. 
Spatial  heterogeneity  might  result  from  numerous  biological, 
chemical,  and  physical  factors  and  should  be  considered  botb 
horizontally  (such  as,  the  sediment  surface)  and  vertically 

is,  depth).  .Accumulation  areas  with  similar  particle  size 
0  .ibuuons  might  yield  significantly  different  toxicity  pat- 
isms  when  subsampled  (79,  194):  therefore,  an  adequate 
aumber  of  replicatts  should  be  processed  to  determine  site 
variance.  When  detettniaing  site  variance  one  should  con¬ 
sider  within  sample  (that  is,  subsampie)  variance,  analytical 


variance  (for  example,  chemical  or  UMicoIogical),  and  the 
sampling  instruments*  accura^  and  precision.  After  these 
considerations  a  sampling  design  can  be  constructed  which 
addresses  resource  limitatioos  and  study  objectives. 

14..3  As  staled  in  previous  sections,  the  methodologica] 
approach  used,  such  as,  aumber  of  samples,  will  be  de¬ 
pendent  on  the  study  objectives  and  sample  characteristics. 
For  infonnatioa  on  sediment  hetero^neity,  splitting, 
compositing,  controls,  or  determining  samite  numbers, 
sampler  accuracy  and  precision,  and  resource  requirements, 
there  are  a  numto  of  references  available  (4, 10, 21,  OS,  172, 
19S,  196). 

IS.  Report 

15.1  Documeruation—Tbt  record  of  sediment  collection, 
storage,  handling,  and  rr  anipulation  should  include  the 
following  information  either  directly  or  by  reference  to 
existing  documents.  Published  reports  should  contain 
enough  ioformatioa  to  clearly  identify  the  methodology  used 
and  the  quality  of  the  results, 

15.1.1  Name  of  test  and  investigators),  name  and  loca¬ 
tion  of  laboratory,  and  dates  of  starting  and  ending  of 
sampling  and  sediment  maoipulatioa, 

15.1.2  Source  of  control,  reference  or  test  sediment, 
method  for  handling,  storage,  and  disposal  of  sediment, 

15.1.3  Source  of  water,  its  chemical  characteristics,  and  a 
description  of  any  pretreatment, 

15.1.4  Methodb  used  for,  and  results  (with  confidence 
limits)  of.  pbysica)  and  chemical  analyses  of  sediment,  and 

15.1.5  Anything  unusual  about  the  study,  any  deviation 
from  these  prooedures.  manipulations,  and  any  other  rele¬ 
vant  information. 
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